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JUDGMENT TESTS OF  FLYOVER  NOISE 
FROM VARIOUS AIRCRAFT 

K. D. K r y t e r ,  P. J. Johnson,  and J. R. Young 
S t a n f o r d   R e s e a r c h   I n s t i t u t e  

SUMMARY 

An expe r imen t   was   conduc ted   a t   Wal lops   S t a t ion ,   V i rg in i a ,   where  
judgments  of t h e   p e r c e i v e d   n o i s i n e s s   o f   t h e   f l y o v e r   n o i s e s  made by a 
v a r i e t y   o f   f i x e d - w i n g   a n d   h e l i c o p t e r   a i r c r a f t  were made by s u b j e c t s  
s e a t e d   o u t d o o r s   a n d   i n s i d e  two houses .   These  judgments  were r e l a t e d  
t o  a v a r i e t y   o f   p h y s i c a l   u n i t s   m e a s u r e d  or c a l c u l a t e d   f r o m   s p e c t r a l  
and   tempora l   measures   o f   the   no ises .  

Among o t h e r   r e s u l t s  i t  was   found  tha t :  

1. So-ca l l ed   E f fec t ive   un i t s ,   c a l cu la t ed   f rom  sound   measu remen t s  
made o v e r   t h e   d u r a t i o n   o f  a n o i s e ,   b e t t e r   p r e d i c t e d   j u d g e d   p e r -  
c e i v e d   n o i s i n e s s   t h a n   d i d   s o - c a l l e d  Maximum or Peak u n i t s   o f  
measurement. 

2. A d j u s t i n g   b a n d   s p e c t r a  o r  o v e r a l l   w e i g h t e d   f r e q u e n c y   l e v e l s  t o  
t a k e   i n t o   a c c o u n t   t h e   c r i t i c a l   b a n d w i d t h   o f   t h e   e a r ,   s i g n i f i -  
c a n t l y   i m p r o v e d   t h e   p r e d i c t i v e   a b i l i t y   o f  t he  u n i t s  PNdB and 
dB( D) . 

3. S o - c a l l e d   o n s e t   d u r a t i o n   a n d   t o n e   c o r r e c t i o n s   d i d   n o t   c o n t r i b u t e  
s i g n i f i c a n t l y  for t h e s e   n o i s e s  t o  t h e   p r e d i c t i v e   a c c u r a c y  of t h e  
v a r i o u s   p h y s i c a l   u n i t s   u s e d .  

4. B e c a u s e   o f   t h e  lesser a t t e n u a t i o n   b y   h o u s e   s t r u c t u r e s   o f  lower 
t h a n   h i g h e r   f r e q u e n c i e s ,   a i r c r a f t   n o i s e   c o n t a i n i n g   p r e d o m i n a t e l y  
l o w  f r e q u e n c i e s   ( t y p i c a l l y   p r o p e l l e r ,   r e c i p r o c a t i n g   e n g i n e ,  and 
h e l i c o p t e r )  were r a t e d   a s   r e l a t i v e l y  less a c c e p t a b l e  t o  people  
i n d o o r s   t h a n  t o  p e o p l e   o u t d o o r s ,   w h e r e a s   t h e   h i g h e r   f r e q u e n c y  
j e t  a i r c r a f t   n o i s e  w a s   r a t e d   r e l a t i v e l y  more a c c e p t a b l e  t o  people  
i n d o o r s   t h a n  t o  peop le   ou tdoor s .  
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INTRODUCTION 

T h e   e v e r   i n c r e a s i n g   u s e  of a v i a t i o n   h a s   l e d   t o   a n   i n c r e a s e d  demand 
f o r   t h e   c o n t r o l  of a v i a t i o n   n o i s e   n e a r   c o m m u n i t i e s   a n d   f o r   t h e   d e s i g n   o f  
q u i e t e r   e n g i n e s  and o p e r a t i n g   p r o c e d u r e s .  To most e f f i c i e n t l y  and   e f f ec -  
t i v e l y   c o n t r o l   n o i s e  i t  i s  n e c e s s a r y  t o  u n d e r s t a n d   i n  as  q u a n t i t a t i v e  terms 
a s   p o s s i b l e   t h e   r e l a t i o n s   b e t w e e n   t h e   p h y s i c a l   p a r a m e t e r s  of n o i s e  and  man's 
r e a c t i o n   t o  them. 

Over t h e   p a s t   t w e n t y   t o   t h i r t y   y e a r s   r e s e a r c h   h a s  l e d  t o   t h e   d e v e l o p -  
ment of a number   o f   ways   o f   measur ing   no ise   tha t   purpor t   to  be c o r r e l a t e d  
w i t h  how man's   audi tory  system  "measuresf t  or r e s p o n d s   t o   t h e   n o i s e .   T h e s e  
methods   run   the   gamut   f rom  s imple   peak   sound  leve l  meter r e a d i n g s   t o   s p e c -  
t r a l   w e i g h t i n g s   o f  1/3 o c t a v e   b a n d   s p e c t r a l  measures t a k e n   e v e r y  0 .5  sec 
d u r i n g   t h e   d u r a t i o n   o f  a n o i s e   o c c u r r e n c e .  

Although  the  measurement   procedures   vary,  
a l l  o f   t hese  measures i s  t o  e s t i m a t e   o r   p r e d i c t  
c e p t a b l e , "  or noi .syt t   the   sounds  being measured 
b y   p e o p l e .   T h i s   q u a n t i t y  or a t t r i b u t e   h a s   f o r  

I 1  

" p e r c e i v e d   n o i s i n e s s "  or, sometimes,  "annoyance. 

he  purpose  and  goal   of  
how "unwanted,  unac- 
w i l l  be p e r c e i v e d   t o  be 
onven ience   been   l abe led  

1 1  11 

11 

Most o f   t h e   p s y c h o l o g i c a l  tests c o n c e r n e d   w i t h   e s t a b l i s h i n g   t h e  re- 
l a t i o n s   b e t w e e n   p e r c e i v e d   n o i s i n e s s   a n d   t h e   p h y s i c a l   a s p e c t s  of a i r c r a f t  
n o i s e   h a v e   b e e n   c o n d u c t e d   i n   t h e   l a b o r a t o r y   w i t h   r e c o r d i n g s   o f   t h e   n o i s e ,  
u s i n g   r e l a t i v e l y  small g r o u p s   o f   s u b j e c t s   a n d   o f t e n  a res t r ic ted  v a r i e t y  
o f   t y p e s   o f   a i r c r a f t   n o i s e s .  A par t icu lar   shor tcoming  of   mos t   p rev ious  
l a b o r a t o r y  and f i e l d  tests o f   a i r c r a f t   n o i s e   h a s   b e e n   t h e   l a c k   o f  com- 
p l e t e   p h y s i c a l  measures o f   t h e   n o i s e   d u r i n g   t h e   f l y o v e r   c y c l e .   I n   g e n -  
e r a l   o n l y   t h e   p e a k   o r  maximum l e v e l s   r e a c h e d   b y   t h e   n o i s e   h a v e   b e e n   n o t e d  
or r e c o r d e d .   I n   v i e w   o f   t h e   a p p a r e n t   i m p o r t a n c e   o f   d u r a t i o n  as well as  
spec t rum  of  a sound  upon i t s  s u b j e c t i v e   n o i s i n e s s ,   t h i s   h a s   p e r h a p s   b e e n  
a h a n d i c a p   t o   t h e   p r o p e r   i n t e r p r e t a t i o n   o f   t h e   r e l a t i o n   b e t w e e n   p h y s i c a l  
measurements  and  psychological  judgments.  

The   present  tests were d e s i g n e d   t o   p r o v i d e  human s u b j e c t s ,   l i s t e n i n g  
c o n d i t i o n s ,   t y p e s   o f   a i r c r a f t   n o i s e ,  and  physical   measurements  t h a t  would 
hope fu l ly   pe rmi t  a v a l i d   e x a m i n a t i o n   o f   t h e   a b i l i t y   t o   p r e d i c t   t h e   j u d g e d  
a c c e p t a b i l i t y   o f  many d i f f e r e n t   t y p e s  of a i r c r a f t   n o i s e  when h e a r d   i n  or 
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o u t s i d e   h o u s e s .   I n   a d d i t i o n ,   a n c i l l a r y   q u e s t i o n s  related t o  t h e   r e a c t i o n  
of h o u s e   s t r u c t u r e s  t o  t h e   n o i s e  were t o  b e   i n v e s t i g a t e d .  The p r e s e n t  
r e p o r t  i s  c o n c e r n e d   p r i m a r i l y  w i t h  t h e   r e l a t i o n s   b e t w e e n   t h e   p s y c h o l o g i -  
ca l  judgments made by t h e   s u b j e c t s   l o c a t e d   i n d o o r s   a n d   o u t d o o r s  and  physi- 
ca l  measurements made f r o m   r e c o r d i n g s  of t h e   n o i s e  from a microphone lo- 
c a t e d   o u t d o o r s   n e a r   t h e   s u b j e c t s .  

3 



PROCEDURE 

T e s t  Locat ion  and  Sub. iects  

TWO f rame  houses ,   one wood-and one   b r i ck - s ided ,   and  a l a r g e   y a r d  
n e a r   o n e   o f   t h e   h o u s e s   l o c a t e d   i n  a r e s i d e n t i a l   a r e a   o f   W a l l o p s   S t a t i o n ,  
V i r g i n i a ,  were c h o s e n   a s   t h e  test  s i te ,  T h i s   s t a t i o n  i s  an   expe r imen ta l  
f a c i l i t y   o p e r a t e d  by  t h e   N a t i o n a l   A e r o n a u t i c s   a n d   S p a c e   A d m i n i s t r a t i o n  
(NASA), and  has a s m a l l   a i r p o r t  and r a d a r - r a d i o   c o n t r o l   f a c i l i t i e s   s u i t a -  
b l e   f o r   t h e   c o n t r o l  of t h e   o p e r a t i o n a l   a i r c r a f t  made a v a i l a b l e  f o r  t h e  
s t u d y .  The s u b j e c t s  were a d u l t s ,   p r i m a r i l y   h o u s e w i v e s ,   s e l e c t e d   f r o m  
c o m m u n i t i e s   i n   t h e   l o c a l   a r e a .   T a b l e  I g i v e s  some v i t a l   s t a t i s t i c s   f o r  
t h e  subjects ,  and F i g u r e  1 i s  a photograph  of some of t h e   s u b j e c t s   a s  
s e a t e d   f o r   t h e  tes ts .  The s u b j e c t s  were screened  by  an  audiometer  and 
a l l  found t o  have  normal  (+15 dB f rom  audiometr ic   zero)   hear ing .  The 
s u b j e c t s  were pa id  $2 p e r   h o u r   a n d   g i v e n   c a r e f u l   i n s t r u c t i o n s   p r i o r   t o ,  
and d u r i n g   t h e  t es t s  a s   t o   t h e   i m p o r t a n c e   o f   t h e  tes ts  and n a t u r e   o f   t h e  
t a s k   t h e y  were t o   p e r f o r m .  

- 

FIGURE 1 PHOTOGRAPH  SHOWING OUTDOOR SUB- 
JECTS POSITIONED  AT HOUSE K-13 
(view looking west) 
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T a b l e  I 

BIOGRAPHICAL DATA 

Sex  and Marital S t a t u s  

S i n g l e   m a l e  

Marr ied  male 

T o t a l  male 

S i n g l e   f e m a l e  

.Mar r i ed   f ema le  

T o t a l   f e m a l e  

T o t a l  male and  female 

Male  Occupations 

R e t i r e d  

Other  . 

Female  Occupat ions 

Housewife 

R e t i r e d  

Othe r  

- Age 

Ma l e  

Female 

Male  and  female 

Educat ion  

Male 

Female 

Male  and  female 

Time-in-Area 

hlale 

Female 

Male  and  Female 

Res idence  

Wal lops   S t a t ion  
(on-base)  

Neighboring  communit ies  
( u p   t o  20 miles from 
Wal lops   I s l and)  

Number o f   Pe r sons  

0 

' 11 

11 

12 

73 

85 

96 

Number o f   P e r s o n s  

9 

2 

Number of Pe r sons  

74 

5 

6 

Average 

61.0 y e a r s  

42.4 

4 4 . 5  

Averageit 

1 0 . 3   y e a r s  

11 .4  

11.3 

Number of Pe r sons  l i v i n g  
l e s s   t h a n  6 y e a r s  i n   a r e a  

4 ( a v e r a g e   4 . 5   y e a r s   i n   a r e a )  

15 (ave rage  2 y e a r s  i n  a r e a )  

19 ( a v e r a g e   2 . 5   y e a r s   i n   a r e a )  

Number of   Persons  

4 

92 

Employed  by NASA 

-- 

1 

Husband  Employed by NASA 

16 

" 

Number of P e r s o n s   l i v i n g  
6 o r  more y e a r s   i n   a r e a  

7 

70 

77 

i: High   Schoo l   g radua te s   t r ea t ed   a s   hav ing   comple t ed   12   yea r s  of s t u d y .   T h e   o l d e r   r e s i d e n t s  
g e n e r a l l y   s p e n t  11 y e a r s  i n  c o m p l e t i n g   t h e   h i g h   s c h o o l   r e q u i r e m e n t s .  

5 



Experimental   Design 

Because o f   t h e   v e r y   l a r g e  number of a i r c r a f t  tested, i t  was not  pos- 
s i b l e   t o   p a i r ,   f o r   t h e   j u d g m e n t s ,   e a c h   a i r c r a f t   n o i s e   w i t h   e a c h   o t h e r   a i r -  
c r a f t   n o i s e .   I n s t e a d ,   t w o   o f   t h e   a i r c r a f t  were c h o s e n   t o   p r o v i d e  a s tand-  
a r d   o r   r e f e r e n c e   a i r c r a f t   n o i s e   a g a i n s t   w h i c h   t h e   n o i s e   f r o m   e a c h   o f   t h e  
o t h e r   a i r c r a f t  was judged when o p e r a t i n g   a n d   i f   p o s s i b l e   u n d e r   l a n d i n g  
and   takeoff  power c o n d i t i o n s .  The r e f e r e n c e   o r   s t a n d a r d   a i r c r a f t   c h o s e n  
were t h e  CV-880 w i t h   t u r b o j e t   e n g i n e s  and the   G1049G  (Supe r   Cons te l l a -  
t i o n )   p r o p e l l e r   a i r c r a f t   w i t h   r e c i p r o c a t i n g   e n g i n e s .   F i g u r e  2 i s  a 
s c h e m a t i c   i l l u s t r a t i o n   o f   t h e   f l i g h t   p a t h s   f o l l o w e d  by a i r c r a f t   f o r   t h e  
tests.  A s  p r e v i o u s l y   m e n t i o n e d ,   t h e  a l t i t u d e  o f   t h e   o p e r a t i o n a l   c o n d i -  
t i o n s   f o r   e a c h   a i r c r a f t  was c a r e f u l l y   m o n i t o r e d  and c o n t r o l l e d   f o r   a l l  
f l i g h t s .  

A I R C R A F T   F L I G H T   P A T H  
/ , / . ” - - -~”~” - .”---. 

-I 
/ ‘  

/ . ”  AIRCRAFT ~ J 

-. -. 

””” 43 
”-- -.-.--- 

.- 
/ __-.A. ” ” .-. 

/ 
REFERENCE 
AIRCRAFT 

FIGURE 2 SCHEMATIC  DIAGRAM  OF  AIRCRAFT  FLIGHT  PATHS  AND  LOCA- 
TION OF HOUSES AND SUBJECTS USED  FOi( AIRCRAFT NOISE 
JUDGMENT TESTS AT WALLOPS STATION,  VIRGINIA 
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T a b l e  I1 shows t h e   g e n e r a l   d e s i g n   o f   t h e   e x p e r i m e n t   a n d   t h e   o p e r a t i n g  
c o n d i t i o n s   f o r   t h e   f l i g h t s  of t h e   v a r i o u s  a i r c ra f t .  An a t t e m p t  was made 
t o  o p e r a t e   t h e   r e f e r e n c e  a i rc raf t  a t  a n   a l t i t u d e   t h a t  would  be  reasonable  
f o r   t h a t   a i r c r a f t  a t  about  two t o  t h r e e  miles from a n   a i r p o r t .   T a b l e  I11 
shows   by   da t e   t he  a i r c ra f t  and  mission pa i r s  f lown  and   the  number o f   o v e r - ,  . 
f l i g h t s   a c c o m p l i s h e d .  

Physical   Measurements  

A l l  e q u i p m e n t   f o r   r e c o r d i n g   t h e   a i r b o r n e   a n d   s t r u c t u r a l   b o r n e   n o i s e  
f r o m   t h e   a i r c r a f t  was i n s t a l l e d  and   opera ted  by NASA. A t  the   comple t ion  
o f   t h e  tes ts  and   a f t e r   r ev iew  and   s c reen ing   by  NASA t h e   r e c o r d i n g s   o b t a i n e d  
f rom  ce r t a in   ou tdoor   and   i ndoor   mic rophones  were s e n t   t o   S t a n f o r d   R e s e a r c h  
I n s t i t u t e   ( S R I )   f o r   f u r t h e r   a n a l y s i s .   I n  some c a s e s  i t  was   necessary  be- 
cause o f   o v e r l o a d   d i s t o r t i o n s   i n  a f e w   o f   t h e   r e c o r d i n g s   t o   r e - r e c o r d   a t  
a l a t e r   d a t e   n o i s e   f r o m  t w o   o f   t h e   a i r c r a f t   f l y i n g   u n d e r   i d e n t i c a l   o p e r -  
a t i o n a l   c o n d i t i o n s   a s   t h o s e   p r e s e n t   i n   t h e  tes ts  proper .   These new re- 
c o r d i n g s  were s u b s t i t u t e d   f o r   o r i g i n a l   r e c o r d i n g s .  

' A t  SRI t h e   a n a l o g   s i g n a l s   o n   t h e   t a p e   r e c o r d i n g s  were p layed   th rough 
1/3 o c t a v e   b a n d   f i l t e r s ,   a n d   t h e n   d i g i t i z e d  and s t o r e d   i n  a computer. One 
concept   of   measurement   being  fol lowed  in  our procedures  i s  t h a t   t h e   e a r  
t e n d s   t o   a v e r a g e   o r   i n t e g r a t e   s o u n d   o v e r   a b o u t  0.5-sec i n t e r v a l s  of time; 
t h e r e f o r e ,  t o  bes t   p red ic t   f rom  phys ica l   measu res  how a person w i l l  respond 
t o   n o i s e  w e  should measure t h e   a v e r a g e ,  or t h e  RMS l e v e l   p r e s e n t ,  succes- 
s i v e  0.5 secs of t i m e .  T h i s  0.5-sec time a v e r a g i n g   c o r r e s p o n d s   t o   t h a t  of 
a s t anda rd   sound   l eve l  meter set on  slow meter a c t i o n .  

T h i s  was done  by  sampling  once  every  half   second  the l e v e l  i n   e a c h  
1/3 o c t a v e   b a n d   f i l t e r ,   t h e   o u t p u t   o f   w h i c h  had been  smoothed a s   t h o u g h  
o p e r a t i n g   a n  RMS meter w i t h  a 0.5-sec time c o n s t a n t .  However, t h e   o u t p u t  
wave f r o m   e a c h   f i l t e r   b a n d  i s  no t   comple t e ly   s t eady- s t a t e   t h roughou t   any  
one 0.5-sec i n t e r v a l .  The p r e c i s e   l e v e l   o b t a i n e d  by t h e   d i g i t a l   s a m p l i n g  
p r o c e d u r e   c a n   a c c o r d i n g l y   b e   s l i g h t l y   d i f f e r e n t   f r o m   o n e   a n a l y s i s   o f  a re- 
c o r d i n g   . t o   a n o t h e r   s e p a r a t e   a n a l y s i s   o f   t h e  same r e c o r d i n g   b e c a u s e   t h e  
a n a l y s e s  w i l l  n o t   n e c e s s a r i l y   b e   p e r f e c t l y   s y n c h r o n o u s   w i t h   e a c h   o t h e r - -  
i . e . ,  t he   0 .5 - sec   s amples   f rom  one   ana lys i s  may b e   s h i f t e d ,   s a y  100 msec 
f r o m   t h e   e x a c t  time t h e   s u c c e s s i v e  0.5-sec samples   a r e   t aken   on   t he  sec- 
ond   ana lys i s .  

I 
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r t 

Table I1 

WALLOPS  ISLAND EXPERIMENTAL DESIGN FOR SUBJECTIVE  JUDGMENTS 

I tandard 
rircraf t 

880 

I 

880 

I 
880 

I 

3PR/Power 

2. S(T.0. ) 

r 
z.l(T.0. 

I 
Z.O(T.0.) 

Standard  Aircraft  I Con 

Local 
U t i  tude 
( fee t  1 
1400 

I 
1400 

I 
1400 

I 

Pa i r  Numbers Comparison 
Ai rc ra f t  

97B 98A 
LOlB 10% 
L05B 106A 
L95B 1 9 4  
L96B 193A 
L09B l l O A  
L13B 114 
L17B 118A 

L98B  197A 
L69B  17CA/370A 
L73B  174A 
L77B  178A 

2B lA 
12B 3A 
6B 5A 
8B 7A 

10B 9A 
4B 1lA 

26B 25A 
28B 27A 
3 OB 29A 
3 2B 31A 
34B 3 3 A  
36B 35A 

107B  108A 

l l l B  11% 
115B 116A 
119B 12OA 

171B 172A 
175B 176A 
179B 180A 

990 

I 
990 

I 

104 9G 

I 
727 

I 
I 
I 

727 

720 

720 

EPR/Power 

1.95(T.O. 

I 
1.3(Ldg) 

1 
MET0 

1 
l .g(T.0.) 

I 
I 
I 
1 

1.35(Ldg) 

2.5(T.O.) 

1.65(Ldg) 

arison  Aircraft  

Local 

( fee t )  
L1 ti tude  Pair  Numbers 

1000 97A 9 8B 99A lOOB 
1500 lOlA 102B 1 0 3 A  104B 
2200 105A 106B 107A 108B 
250 19% 194B 
500  196A  193B 
700 109A l l O B  11lA 112B 

1100 1 1 3 A  114B 115A 116B 
1800 117A 118B 119A 120B 

350 198A  197B 
600 169A 170B/370B 171A 172B 

1000 173A 174B 17% 176B 
1500 177A 178B 179A 180B 

600 2A 1 B  
1000 12A 3B 
1500 6A 5B 
300 aA 7B 
600 1OA 9B 13A 14B 

1000 4A 1 1 B  

1500 26A 

' 

3 1B 
33B 

800 3 5B 



Table I I (Continued) 

r t- 

W 

Standard 
Pircraf t 

880 

880 

880 

I 
1049G 

EPR/Power 

Z.O(T.O. j 

I 

Z.O(T.O.1 

Z.O(T.O.1 

I 
MET0 

1 

Standard  Aircraft  

Local 
i l t i t u d e  
( f ee t  1 
1400 

? 

2200 

I 

3000 

I 
1000 

I 

Pa i r  Numbers 

50B 
52B 
54B 
56B 
58B 
60B 

74B 
76B 
783 

158A 
L60B 
162B 
168B 

137B 
136B 
138B 
14  2B 

L25B 
L24B 
L26B 
130B 

80B 
82B 
84B 

20B 
22B 
19B 
2lB 

4 9A 
5l.A 
53A 
55A 
57A 
59A 

73A 
75A 
77A 

157A 
159A 
16 lA 
167A 

1 3 3 A  
139A 
134A 
13 5A 

12lA 
127A 
12% 
123A 

lEiA 
17A 
16A 
18A 

61B 6% 

164B 163A 
166B 1654 

13lB 128A 
132B 129A 

1- 
lomparison 
Ai rc ra f t  

C-141 

I 
1 
I 

C-141 

J e t s t a r  

F-106 
(After - 
burner) 

CH47 

1 
I 

I 

204B 

J e t s t a r  

1 
727 

Compr 

EPRDower 

L.85(T.O.) 

I 
I 

1.24(Ldg) 

T.O. 

? 

Cruise 

1 
1 

1 

Cruise 

(Ldg 1 

I 
L.35(Ldg) 

ar ison  Aircraf t  

Local 
11 ti tude 

( f ee t  1 
1000 
1700 
3000 

250 
500 
900 

800 
1300 
2000 

9 50 
1700 
3000 
4000 

250 
4 50 
7 50 

1100 

2 50 
4 50 
7 50 

1100 

2 50 
500 
900 

400 
700 

1000 
1500 

P a i r  Numbers 

52A 
54A 
56A 
58A 
60A 

74A 

78A 

158A 
16OA 
1624 
168A 

137A 
136A 
138A 
14 2A 

1254 
124A 
126A 
13OA 

8oA 
82A 
84A 

20A 
2% 
19A 
23.4 

7QA 

49B 
5lB 
53B 
55B 
57B  61A 628 
59B 

73B 
7 5B 
77B 

157B 164A 163B 
159B 166A 165B 
16lB 
167B 

133B 
13 9B 
134B 
13 5B 

121B 
'127B  133.4 128B 

123B 
122B 132~ i 2 s ~  

1 5B 
17B 
16B 
18B 



Table I1 (Concluded) 

r Standard  Aircraft Comparison Aircraf t  
__ 

:PR/Power Standard 
i i r c ra f  t 

Local 
Lltitude 
( f ee t  

amparikon 
Aircraf t  

Local 
41titude 

( f ee t  1 
2 50 
400 
700 

1100 

300 
500 
900 

1300 

2 50 
4  50 
7  50 

1100 

2  50 
400 
700 

1100 

2 50 
400 
700 

1100 

2 50 
500 
800 

1300 

2 50 
500 
800 

1300 

EPR/Powe] Pair  Numbers P a i r  Numbers 

720 

1 
1 
I 
1 
1 
1 
1 

C-141 

204B 

880 

J e t s t a r  

CW7A 

CV-7A 

1.65(Mg) 

I 
1 
1 
1 
1 
I 
I 

1.24(Ldg) 

Cruise 

L'and i ng 

Landing 

Cruise 

Cruise 

44A 
46A 
43A 
45A 

7oA 
69A 
67A 
68A : 

20% 
2 0 4  
203A 
20lA 

238A 
23 7A 
236A 
23 

9% 
94A 
9lA 
93A 

186A 
188A 
18 5A 
187A 

2 27A 
230A 
229A 

44B 
46B 
43B 
4 5B 

70B 
69B 
67B 
68B 

202B 
204B 
203B 
20lB 

238B 
237B 
236B 
23 5B 

92B 
94B 
9lB 
93B 

186B 
188B 
18 5B 
187B 

227B 
230B 
229B 

3 9A 
41A 
40A 
4% 

63A 
6 4  
65A 
66A 

199A 
206A 
200A 
20 54 

23 lA 
23 2A 
2334 
234A 

87A/2 
89A 

228A 223B 

39B 
41B 
40B 
42B 

63B 
64B 
6 5B 
66B 

199B 
206B 
200B 
20 5B 

23 1B 
232B 
233B 
234B 

87B/287B 
89B 
88B 
9OB 

18- 
183B 
184B 
182B 

225B 
224B 
226B 

1049G 

1049G 

1049G 

I 
1 

1049G 

1049G 

METO 

METO 

METO 

1 
1 

METO 

MET0 

1000 

t 
1300 

0 87A 180 

1 88A 
9OA 

18lA 
183A 
184A 
182A 

22% 
2 2 4  
226A 

3000 

3000 

(Loudness  Experiment) 
228B 223A 



Table I 1 1  

TABULATION OF OVERFLIGHTS FOR SUBJECTIVE JUDGMENTS DURING WALLOPS ISLAND EXPERIMENT 

1 Number 
Standard 

Aircraf t"   Aircraf t*  
Comparison Date 

' 31 Oct. 1 9 6 7  , 2 4  
i 

I I 880 
1 I 

1 Nov. 

3 Nov. 

6 Nov. 

7 Nov. 

8 Nov. 

9 Nov. 

1 3  Nov. 

1 4  Nov. 

15 Nov. 

l9 (14' ::: 
1049G 
880 

1049G 
880 

1049G 
880 

1049G 
880 

' 1049G 
880 

880 

1049G 
880 

1049G 

990  

9 9 0  
1049G 

2 0 4 8  
2 0 4 8  

7 2 7  
727  

7 2 0  
7 2 0  

C-141 
C-141 

J e t s t a r  
J e t s t a r  

F- 106 

880 
CH-47 

CV- 7A 

1 
1 

1 
1 

1 

2 
1 

1 
2 

- 

Mission 
Numbers 

9 7 - 1 2 0  

9 3 - 1 9 6 ,  
69-  180, 
9 7 , 1 9 8 , 3 7 0  

9 9 - 2 0 6 ,  
21-132 

1 5 - 2 2 ,  
1 -14  

3 9 - 4 6 ,  
2 5 - 3 6  

6 3 - 7 0 ,  
4 9 - 6 2  

8 7 - 9 4 , 2 8 7 ,  
7 3 - 7 8 , 8 0 ,  
8 2 , 8 4  

5 7 - 1 6 8  

3 1 - 2 3 8  
3 3 - 1 3 9 , 1 4 2  

81-188, 
2 3 - 2 3 0  

Time Sequence  of Pa i r s?  
I Total   Pairs  1 8 9  

{ 

r 
i 
{ 
i 

98 1 0 2  106 118 1 1 4  110 
1 0 9  113 1 1 7   1 0 5  101 97  
111 115 1 1 9   1 2 0  116 1 1 2  
100 1 0 4  108 1 0 7  103 9 9  

1 7 0   1 7 4   1 7 8   1 7 7   1 7 3   1 6 9  
1 9 3   1 9 4   1 9 5   1 9 6  180 1 7 6  
1 7 2   1 7 1   1 7 5   1 7 9   1 9 8   1 9 7  

{70 

1 9 9   2 0 0   2 0 1   2 0 2   2 0 3   2 0 4  
2 0 5   2 0 6   1 2 1   1 2 2   1 2 3   1 2 4  
1 2 5   1 2 6   1 2 7   1 2 8   1 2 9   1 3 0  
131 1 3 2  

15 1 6  1 7  18 1 9   2 0  
2 1 2 2  1 5  3 9 

7 11 4 10 2   1 2  
6 8 1 3  1 4  

3 9   4 0   4 1   4 2   4 3   4 4  
4 5   4 6  31 2 5   2 9   2 7  
35 3 3   3 0   2 6  36 2 8  
3 4   3 2  

6 3   6 4   6 5   6 6   6 7  68 
6 9   7 0   5 3   5 1   4 9   5 9  
5 7  55 5 4   5 2   5 0  60 
58 5 6  61  62 

8 7  88 89 90 9 1  9 2  
9 3  9 4   2 8 7  7 3  7 7  7 5  
7 8  7 4   7 6  80 8 4  8 2  

1 5 7   1 5 9   1 6 1   1 6 2  160 158 
1 6 3   1 6 5   1 6 7  168 1 6 6   1 6 4  

2 3 1   2 3 4   2 3 2   2 3 3   2 3 5   2 3 7  
2 3 6   2 3 8  133 1 3 4   1 3 5   1 3 6  
1 3 7  138 1 4 2   1 3 9  

I 
i 

Total   Overf l ights  by Airc ra f t  
(Two Overf l igh ts   per   pa i r )  

880 1 3 2  
1049C 80 

9 9 0   2 8  
7 2 7   2 2  
C-141 2 2  

7 2 0   2 0  
2 0 4 B   2 0  

J e t s t a r  18 
CV-7A 16 
F-106 1 2  
CH-47 8 

378 
- 

'' See  Table I1 for   condi t ions 

An "A" overf l ight   fol lowed b y  a 
"B" ove r f l i gh t  is implied  for  each 
mission 

Notes: 1 Nov., 370 i s  a repeat  of 170 

3 Nov., 2 0 0 8  flown a t  500 f e e t  
instead of  scheduled 750 f e e t  

9 Nov., 2 8 7  is a repea.t  of 8 7  



To test t h i s   v a r i a b i l i t y   f o u r   s e p a r a t e   a n a l y s e s  were made o f   t h e  
same two   r eco rd ings  of m i s s i o n   r e c o r d i n g s   o b t a i n e d  a t  Wal lops   S t a t ion .  
The t o t a l   v a r i a b i l i t y  was, e x c e p t   f o r   f o u r   i s o l a t e d   i n s t a n c e s   o n   i n -  
d iv idua l   bands ,   abou t  0.5 dB. We are l o o k i n g ' i n t o   t h e s e   f o u r  cases 
t o  see i f  some a r t i f a c t   p o s s i b l y   c o n t r i b u t e d  t o  t h e   v a r i a b i l i t y .  I t  
i s  o u r   b e l i e f   t h a t   t h i s   s a m p l i n g - t i m e   v a r i a b i l i t y  i s  n o t  a s i g n i f i c a n t  
f a c t o r   o f   m e a s u r e m e n t ,   p a r t i c u l a r l y  i n  t h a t  i t s  e f f e c t s  upon c a l c u l a t e d  
un i t s   shou ld   be   bo th   s l i gh t   and   r andom.  

From t h e s e   d i g i t a l   s i g n a l s   s a m p l e s   t a k e n   e v e r y  0.5 sec, t h e  38 u n i t s  
shown i n   T a b l e  I V  were c a l c u l a t e d .  The f r equency   we igh t ings  used  f o r  
a c h i e v i n g   t h e   o v e r a l l   v a l u e s   o f  A ,  B, C, Dl, D and D a r e   g i v e n   i n  
Table  V and F i g u r e  3. The  band  and o v e r a l l   l e v e l s  were found   a s   t hough  
a s t anda rd   sound   l eve l  meter set on   s low  sca l e  had been  used as t h e   i n -  
d i c a t i n g   i n s t r u m e n t .  

2' 3 

The PNdB-M, D and D u n i t s   i n d i c a t e d   o n   T a b l e  I V  were d e r i v e d  d u r -  
2' 3 

i n g   t h e   c o u r s e   o f   t h e s e  tests. B a s i c a l l y ,  PNdB-M d i f f e r s   f r o m  PNdB and 
D d i f f e r s   f r o m  D ( the  converse  of   the   40-noy  contour ,   sometimes called 
"i" i n   t h e   p a s t )   i n   t h a t   t h e  b a n d   s o u n d   p r e s s u r e   l e v e l s   o r   t h e   w e i g h t i n g  
g i v e n   t o   s o u n d   f r e q u e n c i e s   b e l o w   a b o u t  355 Hz a r e   a d j u s t e d   t o   p r o v i d e  
we igh t s  more p r o p o r t i o n a l   t o   t h e   c r i t i c a l   b a n d w i d t h s   o f   t h e   e a r   o v e r  
most  of t h e   a u d i b l e   f r e q u e n c y   r a n g e ;   t h i s   p r o c e d u r e  i s  d i s c u s s e d  more 
f u l l y  i n   a n o t h e r   r e p o r t . ' *  D has   been  proposed by  Young and  Peterson" 
a s   a n   a p p r o p r i a t e   f r e q u e n c y   w e i g h t i n g   f o r   t h e   e v a l u a t i o n   o f   p e r c e i v e d  
no i s ines s   o f   sounds .  I t  i s  s e e n   i n   F i g u r e  3 t h a t ,  when a d j u s t e d   f o r  
o v e r a l l   l e v e l ,  i t  c l o s e l y   a p p r o x i m a t e s   t h e  D weight ing .  

4 

3 

2 

The e f f e c t  of t h i s   a d j u s t m e n t   f o r   " c r i t i c a l   b a n d s "   o n   t h e   f r e q u e n c y  
w e i g h t i n g   f o r  a sound l e v e l  meter can  be  noted by a comparison  of c u r v e  
D w i t h  D i n   F i g u r e  3.  The e f f e c t  of t h i s   p roposed   change   on   t he   ca l cu -  
l a t i o n  of PNdB i s  a s   f o l l o w s :  

2 1 

S t e p  1. D e t e r m i n e   t h e   s o u n d   p r e s s u r e   l e v e l   t h a t   o c c u r s   i n   e a c h   1 / 3  
o r   f u l l   o c t a v e  band i n  e a c h   s u c c e s s i v e   0 . 5 - s e c   i n t e r v a l   o f  time. 

* B e c a u s e   o f   f r e q u e n t   r e f e r r a l s   t o   a u t h o r s  by name and c r o s s   r e f e r e n c i n g  
o f   p u b l i c a t i o n s   i n   t a b l e s ,   f i g u r e s   a n d   t e x t ,   r e f e r e n c i n g  i s  accomplished 
i n   t h i s   r e p o r t  by means  of superscr ip t   numbers   and  by a u t h o r s '  names. 

12 



T a b l e  I V  

UNITS CALCULATED  FROM PHYSICAL MEASURES  FOR  THE PREDICTION OF JUDGED PERCEIVED NOISINESS 

E s t i m a t e d  
Ma x P e a k   E f f e c t i v e   E f f e c t i v e   O n - s e t   C o r r e c t e d  

dB(A,  B,  C,  Dl, D2, D3)  dB(D ), PNdB, Phons  EdB(A, Dl, D2, D3) EEPNdB,  EdB(A, Dl, D2t D3I0 2 

PNdB, PNdBt , PNdBt , 

PNdB-MI  PNdBt M, PNdBt M ,  
1 2 

1 2 

CL 
W 

Phons  

EPNdB, EPNdB , EPNdBt , EEPNdBt , EPNdBt o,  EPNdBtlMo, 
ti 2 1' 1 

EPNdB-M,  EPNdBt M ,  EPNdBt MI EEPNdBt , EPNdBt lMo, EPNdB M 
1 2 2 t2 O 

EEPNdBt M 
1 



. .  . 

T a b l e  V 
CUT-OFF FREQUENCIES AND  CENTER FREQUENCIES OF PREFERRED 1/3 OCTAVE  BAND FILTERS, 

AND A,   B ,   C ,  AND PROPOSED  D  FREQUENCY  WEIGHTINGS  FOR  SOUND UVEL METERS 

14 
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FIGURE 3 FREQUENCY  WEIGHTINGS FOR SOUND LEVEL  METER. 
Weightings A, B, and C are for loudness (S1.4, 1961, USASI, 
10 E. 40th Street, New York, N.Y.).  Weightings  Dl, D2, and 
D, have  been proposed for annoyance or perceived  noisiness. 
D,, proposed by  Young and Peterson,, is plotted 6 dB above 
i ts  normal reference to show i ts  close relation  to 0, a t  low 
and high frequencies. 

S t e p  2. 1 /3  Octave  Bands.  Add on a 1 0   l o g   a n t i l o g   b a s i s   t h e  
b a n d   l e v e l s  of t h e  1/3 o c t a v e   b a n d s   h a v i n g   t h e   c e n t e r   f r e q u e n c i e s  o f :  

10 

( a )  50, 63, and  100 H z  a n d   a s s i g n   t h e   r e s u l t  t o  t h e   b a n d   c e n t e r   f r e -  
q u e n c y   h a v i n g   t h e   g r e a t e s t   i n t e n s i t y ;  (b) 125,  160, and 200 H z  and 
a s s i g n   t h e  r e su l t  t o  a b a n d   c e n t e r   f r e q u e n c y   h a v i n g   t h e   g r e a t e s t   i n -  
t e n s i t y ;   ( c )  250 and 315 H z  a n d   a s s i g n   t h e  resul t  t o  t h e  band c e n t e r  
f r e q u e n c y   h a v i n g   t h e   g r e a t e s t   i n t e n s i t y .  

Note: I f  t h e   g r e a t e s t   i n t e n s i t y   i n   S t e p  Za, b ,  and c i s  p r e s e n t  
i n  more t h a n  one band   w i th in  a s t e p ,   a s s i g n   t h e  sum t o  t h e  
band w i t h   t h e   h i g h e s t   f r e q u e n c y   a n d  a h i g h e s t  SPL i n  a ,  b ,  
and c. 

1 5  

I 



[Step 2. Ful l   Octave   Bands .  Add on a 10 log a n t i l o g   b a s i s   t h e  
band l e v e l s   o f   t h e   o c t a v e   b a n d s   h a v i n g   t h e   c e n t e r   f r e q u e n c i e s   o f  63, and 

10 

125 Hz and a s s i g n   t h e   r e s u l t  t o  the   band   cen te r   f r equency   hav ing   t he  
g r e a t e s t   i n t e n s i t y .  

N o t e :   I f   t h e   i n t e n s i t y  i s  t h e  same i n   t h e  two   bands   a s s ign   t he  sum 
t o  t h e   c e n t e r   f r e q u e n c y  of 125 Hz. 1 

Proceed t o   c a l c u l a t e  PNdB i n   a c c o r d a n c e   w i t h   p r o c e d u r e s   g i v e n   i n  
K r y t e r  and   Pearsons ,4)  IS0,6 SAE,7 o r  FAA8 a s   a p p r o p r i a t e .  Phon  (Stevens)  
was c a l c u l a t e d   a c c o r d i n g   t o  ANSI* s t a n d a r d . ' ' l o  

The s u b s c r i p t s   o n   c e r t a i n  PNdB u n i t s   i n   T a b l e  I V  of t and t re- 
f e r  t o  s o - c a l l e d   t o n e   c o r r e c t i o n   p r o c e d u r e s ,  t b e i n g   t h a t   p r o p o s e d  by 
Kryter   and  Pearsons5  and t t h a t   p r o p o s e d  by FAA.11 I t  i s  proposed 
t h a t   c o n s i d e r a t i o n  b e   g i v e n   t o   s t a n d a r d i z i n g   p r o c e d u r e s   f o r   t o n e   c o r r e c -  
t i o n s   a n d   t h e  new p r o c e d u r e   f o r   a s k i n g   a l l o w a n c e s   f o r   c r i t i c a l   b a n d w i d t h  
of t h e   e a r ,   a n d   t h a t   t h e   r e s u l t i n g   u n i t  be c a l l e d  PNdB, s u p e r s e d i n g   p r e -  
v i o u s  PNdB u n i t s ,   j u s t   a s   i n   l o u d n e s s   s c a l e s   i m p r o v e d   p h o n   u n i t s   h a v e  
s u p e r s e d e d   o l d e r ,   p r e v i o u s   p h o n   u n i t s .   H o w e v e r ,   f o r   t h e   p u r p o s e s  of t h i s  
p a p e r ,  we w i l l  u s e   b o t h  t and t s u b s c r i p t s ,   a n d  PNdB and PNdB-M f o r  
p u r p o s e s   o f   i d e n t i f y i n g   a n d   d i s t i n g u i s h i n g  among t h e   v a r i o u s   u n i t s .  

1 2 

2 

1 2 

I t  has   been   p roposed   on   t he   bas i s   o f   l abo ra to ry   f i nd ings   o f   N ixon ,  
von  Gierke,  and R o s i n g e r ,   t h a t  a c o r r e c t i o n   t o   c a l c u l a t e d  EPNL i s  ap- 
p r o p r i a t e   i n   a c c o u n t i n g   f o r   t h e   f a c t   t h a t   a l t h o u g h   o f   e q u a l   d u r a t i o n ,  
t h e   p e r i o d   o f   n o i s e   i n t e n s i t y   b u i l d u p  i s  judged more annoy ing   t han   t he  
p e r i o d   o f   d e c r e a s i n g   n o i s e   i n t e n s i t y .   T h i s   h a s   b e e n   l a b e l e d   " o n s e t  
co r rec t ion"   and  i t s  magnitude i s  f o u n d   b y   r e f e r r i n g   t o   F i g u r e  4. When 
t h e   o n s e t   c o r r e c t i o n  i s  u s e d ,   t h e   s u b s c r i p t  0 i s  added t o   t h e   u n i t   i n -  
volved. 

13 

* Amer ican   Na t iona l   S t anda rds   In s t i t u t e   (ANSI ) ,   fo rmer ly  named United 
S t a t e s   o f  America S t a n d a r d s   I n s t i t u t e  (USASI). 
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FIGURE 4 COR.RECTION TO EPNL  FOR CONTRIBUTION  TO  PERCEIVED  NOISINESS 
OF ONSET DURATION OF NON-IMPULSIVE SOUNDS.  The data plot is 
from  Nixon, von Gierke, and  Rosinger14 plotted against a suggested  standard 
onset duration of 3.5 secs. 

The e f f e c t i v e  "E I t  u n i t s   a r e   t h e  summed, on  a power b a s i s ,   o n e - h a l f  
s e c o n d   v a l u e s   o f   t h e   u n i t   b e t w e e n   t h e   p o i n t s  of time t h e   u n i t  i s  w i t h i n  
10 of t h e  maximum (max) l e v e l   r e a c h e d   b y   t h a t   u n i t   d u r i n g  a  f lyover   minus 
a c o n s t a n t  of 12.*  The "EE I' u n i t s  are t h e  max l e v e l s   r e a c h e d   d u r i n g  a 
f l y o v e r ,   p l u s  10 l o g  of t h e   d u r a t i o n   b e t w e e n   t h e  10 dB downpoints  (EE 
d e s i g n a t i n g   " E s t i m a t e d   E f f e c t i v e " )  ; r e f e r e n c e   d u r a t i o n s   o t h e r   t h a n  8 sec 
c a n  of course   be   used .  For example, a r e f e r e n c e   d u r a t i o n   o f  16 sec, 
E  PNdB, would  be a c o n s t a n t  3 PNdB more t h a n  E . 

16 8 

8 

8 
10 

16 

* The   cons t an t  of 1 2   a r i s e s   f r o m   t h e   u s e  of 8 secs a s  a r e f e r e n c e   d u r a -  
t i o n  t o  b e   u s e d   w i t h   e f f e c t i v e ,   i n t e g r a t e d   u n i t s ;   1 2  = 10 l o g  (8/0.5) 
where 8 i s  t h e  reference d u r a t i o n  and 0.5 i s  t h e  0.5-sec time i n t e r v a l s  
be tween  the   no ise   measurements ,   E ight   seconds  i s  sugges ted  as  a refer- 
e n c e   d u r a t i o n   b e c a u s e  i t  i s  t h e   n o m i n a l   d u r a t i o n   s p e c i f i e d  f o r  a b a s i c  
r e fe rence   s t anda rd   sound   and   because  i t  i s  f a i r l y   r e p r e s e n t a t i v e   o f  
o v e r f l i g h t   d u r a t i o n s   n e a r  a i r p o r t s  a t  least  when measured t o  t h e  10 dB 
d o w n p o i n t s .   T h i s   r e f e r e n c e   d u r a t i o n  a l so  p r o v i d e s  a u n i t   v a l u e   t h a t  
i s  rough ly  similar i n  magnitude t o  t h e  Max PNL l e v e l s  f o r  these f l i g h t s  
a s  now used f o r  s p e c i f y i n g  a i r c ra f t  n o i s e   l e v e l   n e a r   a i r p o r t s ;  i . e . ,  
t h e   1 1 2  PNdB s p e c i f i e d  a s  maximum a l l o w a b l e   l e v e l s  for  areas n e a r  
New York C i t y   a i r p o r t s  wou ld   be   comparab le   on   t he   ave rage   i n   t ha t  
s i t u a t i o n ,  f o r  a i r c r a f t  a t  approx ima te ly   2 ,000  feet  a l t i t u d e ,  t o  an  
E  PNdB of 112. 

10 

8 

17 



II I I I I I1111 I I 

Peak   band   l eve l s  are t h e   h i g h e s t   b a n d   l e v e l s ,  a s  measured  on a t y p i -  
c a l  root -mean-square   sound  pressure   l eve l  meter, p r e s e n t  a t  any time dur-  
i n g   t h e   o c c u r r e n c e  of a sound. A PNdB (or Phon)   ca l cu la t ed   f rom  these  
l e v e l s  is somet imes   ca l l ed  a Peak PNdB or  Phon,. sometimes a Composite 
PNdB or  Phon. Maximum band l e v e l s  are t h o s e   b a n d   l e v e l s   p r e s e n t  a t  t h e  
p e r i o d   i n  time, u s u a l l y  some 0.5-sec p e r i o d ,  when t h e   u n i t  fo r  t h e  suc-  
c e s s i v e   s u c h   p e r i o d   r e a c h e s  i t s  h i g h e s t   v a l u e .   T h e s e   u n i t s  are cal led 
Max PNdB or Max Phon.  Measurements made o v e r  a l l  f requencies ,   dB(A) ,  
dB(C),  dB(D), are d e s i g n a t e d  as  Max E or EEdB(A),  and so f o r t h ,  as  
a p p r o p r i a t e .  

Psvchologica l   Measures  

T h e   f u n d a m e n t a l   t a s k   o f   t h e   s u b j e c t s   w a s   t o  mark on  an  answer  sheet  
which   of   two  a i rc raf - t   sounds   tha t  were p r e s e n t e d   t o   t h e m   i n  a b r i e f   p e r i o d  
of time, a p p r o x i m a t e l y   w i t h i n   o n e   t o   t w o   m i n u t e s ,   d i d   t h e y   c o n s i d e r   t o   b e  
t h e  least  a c c e p t a b l e  i f  h e a r d   i n  or n e a r   t h e i r  home 20 t o  30 times per   day .  
The i n s t r u c t i o n s   o f  20-30 times per  day' '  were g i v e n   v e r b a l l y   t o   t h e   s u b -  
jects.  The s u b j e c t s   a l s o   r a t e d   e a c h   n o i s e   o n  a scale running   f rom com- 
p l e t e l y   a c c e p t a b l e   t o   c o m p l e t e l y   u n a c c e p t a b l e .   C o p i e s   o f   t h e   i n s t r u c t i o n s  
t o   t h e   s u b j e c t s  and t h e   q u e s t i o n s   t h e y  were r e q u i r e d   t o   a n s w e r   a f t e r   h e a r -  
i n g   e a c h   a i r c r a f t   n o i s e  are i n   t h e  Appendix. 

I '  

The  paired  comparison t es t s  are s c o r e d   a n d   i n t e r p r e t e d  as f o l l o w s :  

1. 

2. 

3. 

T h e   p e r c e n t   o f   l i s t e n e r s   i n  a g r o u p  who p r e f e r r e d   t h e   r e f e r e n c e  
a i r c r a f t   n o i s e  when i t  a p p e a r e d   f i r s t   i n  a g i v e n   p a i r ,  and when 
i t  a p p e a r e d   i n   t h e   s e c o n d   p o s i t i o n   w i t h   t h e  same member o f   t h e  
p a i r ,   a r e   a v e r a g e d .  

T h e   p e r c e n t   o b t a i n e d   i n   s t e p  1 i s  p l o t t e d   a g a i n s t   t h e   l e v e l   a s  
measured  by a g i v e n   p h y s i c a l   u n i t ,   o f   t h e   c o m p a r i s o n   a i r c r a f t  
noise .   Inasmuch a s  t h e   l e v e l   o f   t h e   c o m p a r i s o n   n o i s e  was sys -  
t e m a t i c a l l y   v a r i e d ,   t h e   p e r c e n t   o f   p e o p l e ,   i n   g e n e r a l ,  who pre-  
f e r r e d   t h e   r e f e r e n c e   n o i s e   i n c r e a s e d   a s   t h e   l e v e l   o f   t h e  com- 
p a r i s o n   n o i s e   i n c r e a s e d .  An a t t e m p t  was made t o  have   the  
compar ison   no ise   vary   over  a r a n g e   t h a t   c a u s e d   t h e   p e r c e n t   o f  
p e o p l e   p r e f e r r i n g   t h e   r e f e r e n c e   a i r c r a f t   n o i s e   t o   c h a n g e  from 
n e a r  0% t o   n e a r  100%.  Sample p l o t s   o f   t h e   d a t a  are  shown i n  
F i g u r e  5 .  

On e a c h   f u n c t i o n   s u c h  as t h o s e  shown i n   F i g u r e  5, a p e r p e n d i c u l a r  
i s  dropped t o   t h e   a b s c i s s a   f r o m   t h e   p o i n t   t h e  50% l i n e   c r o s s e s  
t h e   c u r v e   d r a w n   t h r o u g h   t h e   d a t a   y o i n t s .  
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FIGURE 5 EXAMPLES OF PAIRED-COMPARISON  JUDGMENTS OF SUB- 
SONIC  NOISE BY OUTDOOR  LISTENERS AT WALLOPS 
STATION,  VIRGINIA 

4.  T h e   v a l u e   o b t a i n e d   i n   s t e p  3 i s  t a k e n   a s   t h e   l e v e l   f o r   t h a t   u n i t  
of measurement  required f o r  the   compar i son  no i se  i f  and when i t  
i s  t o  b e   p e r c e i v e d   a s   e q u a l   i n   u n a c c e p t a b i l i t y  or n o i s i n e s s  t o  
t h e   r e f e r e n c e   a i r c r a f t   n o i s e .  

5 .  T h e   d i f f e r e n c e ,  i f  any ,   be tween   t he   r e f e rence   and   compar i son  
n o i s e s  when judged   equa l  i s  t a k e n   a s   t h e   i n d e x   o f   t h e   a b i l i t y  
o f   e a c h   o f   t h e   p h y s i c a l   u n i t s   t o   p r o p e r l y   i n d i c a t e  or p r e d i c t  
t h e   p e r c e i v e d   n o i s i n e s s  of each   pa i r   o f   sounds .   The   phys i ca l  
u n i t s   p e r f e c t l y   c o r r e l a t e d   w i t h   t h e   p s y c h o l o g i c a l   d a t a   w o u l d  
have a d i f f e r e n c e   o f  0 f o r   e a c h   p a i r ,  i . e . ,  when judged t o  b e  
e q u a l   t h e y  are m e a s u r e d   p h y s i c a l l y   a s   b e i n g   e q u a l .  
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RESULTS AND DISCUSSION 

Physical   Measurements  

Outdoor  Measurements 

F i g u r e  6 shows  peak  and max 1/3 o c t a v e   b a n d   s p e c t r a   o f   r e p r e s e n t a t i v e  
o v e r f l i g h t s   o f   t h e   a i r c r a f t  used  i n   t h e  tests. Also  shown are t h e  band 
l e v e l s   p r e s e n t   a t   t h e   f i r s t   0 . 5 - s e c   i n t e r v a l   o f  time when t h e  dB(C)  l e v e l  
was 5 dB be low  the  maximum dB(C) l e v e l   r e a c h e d  by e a c h   n o i s e .  

. I t  i s  t o   b e   n o t e d   i n   F i g u r e  6 t h a t   t h e   p e a k  and max band l e v e l s   a r e  
o f t e n   n o t   i d e n t i c a l   a n d   t h a t   t h e   s h a p e   o f   t h e  band s p e c t r a   c h a n g e s  some- 
what  from moment t o  moment, e . g . ,   t h e   r e l a t i v e   s h a p e   o f   t h e   s p e c t r a   p r e s -  
e n t   a t   t h e  5 dB(C) d o w n p o i n t   s o m e t i m e s   d i f f e r s   f r o m   t h a t   p r e s e n t   a t  i t s  
maximum l e v e l .   T h e s e   v a r i a t i o n s ,   w h i c h   a r e   a u d i b l e   t o   t h e   l i s t e n e r ,  il- 
l u s t r a t e   t h a t  some o f   t h e   l a c k   o f   p r e c i s i o n   w i t h   w h i c h   o n e   c a n   p r e d i c t  
j udged   pe rce ived   no i s ines s   f rom  phys ica l   measu res   o f   t he   no i se  i s  d u e  
p e r h a p s   a s  much t o   t h e   g e n e r a l   l a c k   o f   a c c u r a t e   i n f o r m a t i o n   a b o u t   t h e  
n o i s e ,   a s  i t  i s  t o   u n r e l i a b i l i t y  and i n d i v i d u a l   d i f f e r e n c e s  among t h e  
l i s t e n e r s  making  judgments. 

Some of t h e   v a r i o u s   u n i t s   o f   m e a s u r e m e n t s   t o  be tested u t i l i z e   n o t  
o n l y   t h e   o v e r a l l   a n d   1 / 3   o c t a v e   b a n d   l e v e l s   t a k e n   o v e r   t i m e   b u t   a l s o   i n -  
fo rma t ion   r ega rd ing   so -ca l l ed   pu re - tone  or s p e c t r a l   c o m p l e x i t y ,   t o t a l  
d u r a t i o n  and   on-se t   dura t ion .   Table  V I  g i v e s   r e p r e s e n t a t i v e   t o t a l   d u r a -  
t i o n   ( b e t w e e n   t h e   1 0  Max  PNdB d o w n p o i n t s ) ,   o n s e t   d u r a t i o n ,  and t o n e   c o r -  
r e c t i o n s  t and t o f   t h e   a i r c r a f t   n o i s e s   i n v o l v e d   i n   t h e   j u d g m e n t  tests.  
The t and t v a l u e s   g i v e n   i n   T a b l e  V I  are t h o s e   f o r  Max  PNdB; s e p a r a t e  
t o n e   c o r r e c t i o n s  were, of   course ,   de te rmined  for t h e  band s p e c t r a   p r e s e n t  
d u r i n g   e a c h   0 . 5 - s e c   i n t e r v a l .  

1 2 
1 2 

Comparison of Units  of  Measurement 
~~ 

Table  V I 1  p r e s e n t s   t h e   v a l u e s   o f   e a c h  of t h e  38 uni ts   of   measurement  
f o r   t h e   n o i s e   f r o m   r e p r e s e n t a t i v e   f l i g h t s   o f   e a c h   o f   t h e   a i r c r a f t   a n d  
o p e r a t i n g  power c o n d i t i o n s  used  d u r i n g   t h e  tests. I t  i s  perhaps  of  some 
i n t e r e s t   t o   n o t e   i n   T a b l e  V I 1  t h a t ,  compared t o  Max  PNdB,  Max dB(A) i s  
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USED IN EXPERIMENT  AT WALLOPS STATION 
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. i r c r a f t  

880 

I 
990 

? 
727 

1 
720 

1 
:-141 

1 

Table  VI 

TYPICAL  PNL,TOTAL  DURATI(H  (BETWEEN 10 dB Wwn), ONSET  DURATION (10  dB DOWN ONSET  TO M A X ) ,  AND TONE CORRECTIWS 
t i  AND t2 FOR VARIOUS AIRCRAFT AND OPERATIONAL  CONDITIONS  USED  UURING  WALLOPS  TESTS 

EPR/Pover 

2 . 5  (TO) 

2 . 0  (TO) 
2 . 1  (To) 

1 
Land 1 ng 

I 
Takeoff 

c 
Landing 

1 
Tnkeof f 

1 
Landing 

1 
T&eof f 

1 
Landing 

I 
I 

Pnkeof  f 

I 
danding  

a1 ti t u d e  
( f e e t )  

1400 
1400 

2200 
1400 

3000 
250 
4 0 0  
700 

1100 

loo0 

2200 
1500 

500 
250 

1100 
700 

1800 

1000 
600 

1500 
300 
400 
600 
700 

1000 
1500 

2200 
1500 

3000 
250 
400 
700 

1100 
800 

1000 
1700 
3000 
250 

500  
300 

1300 
900 

- 
Max 
PNdB 
- 
106.9  
109 .7  

101 .0  
100 .1  

116 .1  
9 7 . 1  

113.4 
107 .3  
101.4 

110.0 
105 .1  
102.5 
115.6 
110.7 
106 .1  
100.9 
93 .6  

112.5 
108.7 
104.9 
113 .0  
110.9 
102.6 
101.7 
9 6 . 7  
9 0 . 1  

105 .2  
100.4 
9 8 . 1  

116.8 
111 .3  

103 .4  
105.8 

100 .0  

106 .1  
100.2 

116 .0  
96.0 

114.5 
110.5 
101.8 
9 7 . 0  - 

Duraticm * 
Average 

( s e c s )  

7 . 5  
8 . 0  

14 .5  
9 . 9  

10:7 
2 . 8  
2 . 0  

8 . 5  
3 . 8  

9 . 7  
13.7 
15 .1  
3 . 0  
3 . 5  
4 . 5  
4 . 3  
7 . 8  

4 . 8  
8 . 9  
9 . 0  
1 . 5  

2 . 7  
1 . 5  

3 . 0  
5 . 0  
8 . 5  

9 . 3  

1 0 . 0  
11.0 

2 . 5  
3 . 3  

6 . 0  
4 . 8  

5 . 5  

11.0 
9 . 5  

9 . 5  
2 . 5  
2 . 5  
2 . 9  
4 . 3  
4 . 8  

D u r a t i o n  
Onset 

( secs ) 

4 . 9  
7 . 7  
6 . 8  

3 . 8  

2 . 8  

2 . 1  

4 . 9  

1 . 3  

7 . 8  

3 . 3  

3 .8  

3 . 3  

- 
t l  

- 
0 . 1  

0 . 1  
0 

0 . 2  
0 . 3  

0 
0 
0 

0 . 2  

1 .7  
0 . 7  
0 . 5  
4 . 3  
5 . 3  
4 . 2  
4 . 6  
4 . 8  

0 . 5  
0 

0 . 5  

0 . 2  
1 . 6  

1 . 9  
2 . 0  
1 . 7  
0 . 8  

0 . 7  
0 

1 . 1  
0 

0 . 1  
0 . 9  

0 
0 . 1  

2 . 1  

0 . 5  
0 . 2  

3 . 2  
4 . 5  
5 . 3  
5 . 6  
6 . 6  - 

- 

t 2  

- 

3 . 0  
1 . 6  

2 . 6  
3 . 2  
5 . 9  

0 
0 . 2  
1 . 0  
1 . 1  

3 . 3  

3 . 1  
1 . 9  

3 . 7  
3 . 0  

4 . 2  
3 . 8  

4 . 5  

3 . 1  

2 . 0  
1 . 5  

2 . 0  
1 . 4  

2 . 1  
3 . 9  

4 . 3  
3 . 4  

2 . 8  
4 . 6  
4 . 3  
1 . 2  
1 . 1  
2 . 1  
1 .2  
1 . 8  

3 . 5  
5 . 0  
5 . 4  
2 .6  

4 . 5  
3 .9  

5 . 3  
5 . 4  - 

A i r c r a f t  

J e t s t a r  

1 
F-106 

1 
1049G 

1 
CV-7A 

1 
I 
1 

2046 

CH-47 

EPR/Power 

,,*iOff Landing 

, I  Aiter- 

Burner 

1 
Me t o  

1 
C r u i s e  

1 
I 
1 

C r u i s e  

C r u i s e  

Altitude 
( f e e t )  

800 
1300 
2000 

250 
400 
500 

900 
700 

1100 

950 
1700 
3000 
4000 

350 
600 

1000 
1300 
1500 

3000 
1800 

250 
500 

1300 
800 

250 
450 

1100 
750 

250 
450 

1100 
750 

Max 
PNdE 
- 
106.8 
103.9 
99 .6  

104.6 
101.1 
98.6 
9 5 . 8  
91 .2  
89 .5  

116.2 
110.8 
105.5 
9 9 . 2  

116 .0  
109.8 
109.3 
104.9 
103.8 
103.4 
103.0 

97 .a 
92.6 
8 9 . 8  
87 .7  

94 .5  
9 2 . 2  
86 .7  
83 .5  

101.0 
106.3 

9 7 . 3  
9 5 . 3  

- 

Durat ion*  
Average 

(secs) 

6 . 0  
5 . 0  
5 . 8  

2 . 5  
1.7 

3.0 

4 . 5  
3 . 8  

5 . 3  

5 . 2  

11 .3  
7 . 7  

11.8 

3 . 3  
4 . 5  
6 . 1  
8 . 3  

6.2 
7 . 6  

3 . 5  

3 . 8  
4 . 0  

6 . 5  
5 . 5  

1 9 . 8 -  
17 .6  
2 7 . 0  
23 .9  

3 . 8  

6 . 0  
5 . 3  

9 . 0  

D u r a t i o n  
hmet 

(secs) 

2.8 

1.0 

5 . 0  

1 . 5  

2.6 
3.5 

2.1 
2.5 

1.6 

16.5 

2 . 3  

- 
t 1 - 
0 

0,s 

0.1 
0 

0 
(I 

0 
0.8 

0 
0.1 
1.0 
0.8 

0 
0.6 
1 . 5  
1.6 
0.0 
0.8 
1.8 

0.4 
0.6 
0.2 
0.s 

0 . 7  
0 . 4  
0.6 
1.5 

0 . 3  
1 . 0  
0 . 5  
0.7 

0.a 

- 

t 2  - 
2 . 3  
4 .c 
5.6  

2 . 1  
1.1 

4.6 

3 . 8  
3.0 

4.5  

2.1 
2 . 4  
4 . 2  
6.7 

2 .c 
2.2  
2 . 6  

2 . 0  
2 . 9  

2.C 
3.4 

4.4 
3.a 

4 .'l 
4.1 

2 . 7  
3.6 

4.6 
5.a 

2 . 5  
1.7 

2 . 3  
4 . 8  

Max PNdB to 10 dB down. 



A i r c r a f t  Power 

880 
Takeoff  (2.1) 880 
Takeoff ( 2 . 5 )  

Takeoff 720 
727 

Takeoff  990 
Takeoff  (2.0) 880 

Takeoff 

C141 Takeoff 
J e t s t a r  Takeoff 
F-106 Afterburner 

1 Jet Takeoff 

Al t i tude  
(feet) 

1400 
1400 
1400 
1500 
1500 
1500 
1000 
1300 
1700 

Duration* 
( sec ) 

9.5 
9.5 

10.5 
16.9 

14.0 
9 .3  

9 .3  

Duration 
onse t?  

(set) 

5.5  
4.4 
5.8 
7 .3  
5.5 
6.0 
3.5 

MSX Max 

dB(A) , 
dB(B) 

." 
98.9 99.9 
95.6 96.8 
94.7 96.4 
92.8 97.8 
92.3 97.7 
95.0 98.0 
93.7 98.4 

Max , klax 
dB(C) dB(D1) 

100.4 103.4 
97.3 100.7 
97.1 97.9 

100.1 97.7 
100.3 97.4 

100.9 98.9 
99.4 98.6 

I 

dB(Dp)  dB(D3) 
Max k!ax 

". 
103.4 99.7 
100.7 96.6 
97.5 94.5 
97.4 91.8 
96.2 90.9 
98.2 94.2 
98.3 93.2 

Phons PNdB 
klax Max 

" 

106.7 109.7 
103.5 106.9 
101.5 104.1 
101.1 105.1 
102.3 104.9 
102.4 105.2 
102.6 106.1 

PNdB kl  PNdB 
klsx klax 

t l  
" 

108.9 109.7 
106.2 106.9 
103.1 104.2 
103.9 105.8 
103.4 105.3 
103.7 105.9 
104.8 108.2 

Table VI1 

FUR THE  NOISE ON THE  GROUND  FROM  REPRESEmATIVE FLIGWS OF  EACH  OF  THE  AIRCRAFT 
DURATION,  ONSET  DURATION AND VALUE  OF 38 UNITS OF klEASlJREMEKC 

OPERATING  AT  THE  lNDICATED WWER SETTINGS A N D  ALTITUDES 

," """"" 

Max Max 
PNdBt M PNdBt 
"- 

108.9 111.4 

~ 103.2 106.6 
106.2 109.9 

' 104.6 , 107.0 
, 103.8 106.9 

104.4  108.0 
, ~ 106.9 , 109.6 

i:: I ::: 98.7 103.9 106.2 103.7 102.6 97.1 107.4 110.4 108.4 110.5 108.5 112.8 
94.0 97.7 98.7 97.9 97.7 92.5 100.9 103.9 102.9 104.4 103.4 108.5 

Avg. 95.1 98.5 100.0 99.6 99.1 94.5 103.2 106.3 105.0 1106.8 105.5 109.0 

""- - 

880 Landing 
990 

Landing 727 
Landing 

Landing 720 
C141 

Landing Jetstar 
Landing 

700 

700 
700 

700 
900 
700 

5 . 0  
4.4 
3.0 
6.0 
2 .5  
6.5 

2.8 95.9 97.1 97.7 100.9 100.9 96.9 104.0 107.3 106.4  1107.3 
2.8 90.3 90.2 91.2 99.1 99.1 93.4 102.1 106.1 105.6 1110.3 
1 . 5  87.7 89.8 91.4 94.2 94.2 88.7 98.0 101.7 100.8 ~ 103.7 

2.0 87.6 87.7 88.6 1 95.5 ~ 95.5 
90.3 97.8 101.8 101.3 

~ 107.4 

3.5 94.5 95.9 96.6 99.3 99.1 95.3 102.3 105.8 105.1 105.9 

4.3 I 84.4 85.7 86 .4  88.9 88.8 85.0 9 3 . 1 ,  95.8 95.0 95.8 

106.4 
109.8 
102.8 
105.2 
106.9 

95.0 

108.3 
109.9 
105.6 
107.9 
107.1 

98.8 

I I I I I I I I I I I I I I I I 

PropRecip .  

" 

110.6 
101.5 109.2 
104.3 

103.9 110.8 
98.5  107.5 

100.4 108.3 
99.2 106.5 
97.7  105.4 
99.6 105.8 
98.6 105.6 

107.7 100.4 

107.4 

96.8 106.6 
99.6  107.2 
94.8 104.7 

100.0 109.4 
101.3 

98.0 89.4 

105.6 97.D 

100.8 
8 5 . 5  92.9 
93.5 

96.9 89.6 

95.3  84.2 

106.6 98.6 

" 

Peak Peok 
Phons PNdB 

107.7 110.8 
104.9 108.2 
102.7 105.2 
105.1 108.0 
103.7 106.3 
104.2 107.0 
105.6 108.7 
102.6 105.5 
109.2 112.2 

105.1 ~ 108.0 ~ 

* Time between  level5 t h a t  are 10 dB below msx level. 
t Time between f irs t  level   preceding max l eve l   t ha t  1s 10 dB below max level  and moment max level occurs. 



Table VI1 (Concluded) 

- 

gdB(A) 

- 
95.7 
93.8 
00.5 
92.8 
90.1 
91.5 
91.0 
89.1 
96.2 - 
92.3 
- 
90.2 
84.7 
81.5 
89.5 
81.9 
78.6 
- 
84.4 

~ 

82.0 
77.6 
- 
79.8 
- 
73.5 
- 

- 
88.4 - 
- 

- 

@(AIc 

- 
97.7 
95.0 
92.7 
95.8 
92.1 
93.8 
91.5 
90.2 
96.2 - 
93.9 
- 
90.2 
84.7 
81.5 
90.0 
81.9 
79.7 - 
84.7 - 
84.5 
83.9 - 
84.2 - 
75.0 - 
- 
88.4 - 
- 

- 
edB(D1) 

- 
101 .o 
98.5 
94.0 
97.9 
95.2 
95.8 
96.7 

100.8 
92.6 

- 
96.9 - 
94.7 
92.7 
87.5 
93.9 
89.0 
83.0 
- 
90.2 
- 
88.6 
85.6 
- 
87.1 
- 
80.7 
- 

- 
94.1 
- 

- 

__ 

)dB(DZ 

- 
100.4 
98.0 
95.0 
97.4 
94.2 
95.3 
05.4 
92.5 
99.6 - 
96.4 - 
94.6 
92.7 
87.1 
93.7 
88.9 
82.9 
__ 
90.0 - 
86.8 
83.2 
__ 

85 .0  - 
81.2 - 
__ 
92.7 
__ 

- 

- 

sdB(D3: 

- 
95.6 
94.5 
91.5 
91.5 
88.3 
90.9 
89.7 
88.0 
94.3 
- 
91.6 
- 
90.6 
87.5 
81 . B  
89.9 
83.6 
78.8 - 
85.3 
- 
80.1 
76.8 - 
78.5 - 
75.6 - 

- 

PNdB 
E8 

MO 

t : 
- 
109.2 
106.7 
103.4 
107.3 
105.4 
105.8 
105.0 
101.6 
107.1 

E8 E8 E8 E8 

~ ~ B ( D Q ) ~  pzB PNdB  PNdB PNdBrl  PNdBt: PNdBtl 
M M, M, hl 

) o  

103.0 
99.7 
96.2 
100.9 
97.2 
98.1 
97.2 

100.8 
93.7 

98.5 

94.7 
92.7 
87.5 
94.4 
89.0 
84.1 

90.4 

91.1 
91.9 

91.5 

82.2 

94.1 

,sdB(Dz)c 

102.4 
99.2 
97.2 
100.4 
96.2 
07.6 
05.9 
93.6 
99.6 

98.0 

94.6 
92.7 
87.1 
94.2 
88.9 
84.0 

90.3 

89.3 
88.5 

89.4 

82.7 

92.7 

I I I I I I 

97.6 
95.7 
93.7 
94.5 
90.3 
93.2 
90.2 
89.1 
94.3 

__ 
93.2 105.7  1107.61108.0 1106.6 1109.4 

90.6 
67.5 
81.4 
90.4 
83.6 
79.9 

101.4  100.5  100.5  101.7  101.7 
100.1  99.8  99.8  103.3  103.3 

100.5  99.7  100.2  101.3  101.8 
94.7 93.6 93.6 96.1  96.1 

89.6  88.7  89.8 100.0 90.4 lloo.o 91.5 95.9  95.4  95.4 

100.8 
103.0 

100.5 
95.0 

99.5 
89.5 

98.3 1 99.3 1 98.6 98.8 100.6,102.2 101.6  102.9 -d&-b 97.6 j 98.1 96.7 
97.1 , 93.3 ~~ 

91.7 

82.9 1 94.01  92.51  96.91 94.5  1102.2 ' 93.0 , 97.4  95.7 1 94.2 98.6  97.711  98.5 1 96.8 I 99.0 1 
91.5 92.81  95.3 1 95.6 1 94.9 1 

I 1  I I 

-=++-+pr- 86.8 1101.1 99.4' 99.4  101.9  101.9  100.2  100.2  '102.5 1100.8 ""-I 100.8  ;105.01105.9  104.0  106.8 
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about  13 u n i t s  less, dB(C) a b o u t   s i x   u n i t s  less, etc. However, t h e   d i f -  
f e r ences   found   be tween   any  t w o  u n i t s   v a r i e s  somewhat f o r  d i f f e r e n t   t y p e s  
o f   a i r c r a f t  . 

Indoor  Measurements 

I t  was  planned t o  o b t a i n   p h y s i c a l   m e a s u r e m e n t s   i n   e a c h  room where 
s u b j e c t s  were l o c a t e d ,   a n d   t o   c a l c u l a t e  from t h e s e   m e a s u r e m e n t s   t h e   u n i t s  
f o u n d   f o r   t h e   n o i s e   p r e s e n t   o u t d o o r s .   U n f o r t u n a t e l y   t h i s   t u r n e d  o u t  t o  
b e   i m p r a c t i c a l   f o r   p r i m a r i l y   t w o   r e a s o n s :  

1. The  dynamic  range  of   the  recording  equipment ,   approximately 50 
dB,  was n o t   s u f f i c i e n t   t o   p e r m i t   s a t i s f a c t o r y   r e c o r d i n g s   b e t w e e n  
t h e  10 dB d o w n p o i n t s   f o r   t h e   n o i s e s  whose s p e c t r a   v a r i e d   a s  much 
a s  40 d B  among v a r i o u s  1/3 o c t a v e   b a n d s ,   w i t h o u t  some a p r i o r i  
a n d   u n a v a i l a b l e   i n f o r m a t i o n   r e g a r d i n g   t h e   s o u n d   a t t e n u a t i o n  
c h a r a c t e r i s t i c s   o f   t h e   h o u s e s ;  and 

2. The inadve r t en t   sounds  made by t h e   s u b j e c t s  were s u f f i c i e n t   t o  
i n t e r f e r e   w i t h   t h e   r e c o r d i n g  of some o f   t h e  less i n t e n s e   f r e -  
quency  bands  of some o f   t h e  less i n t e n s e   f l y o v e r   n o i s e s ,   p a r -  
t i c u l a r l y  when a t   t h e  10 dB downpo in t s   on   t he   f l yove r   cyc le .  

However, a s u f f i c i e n t  number  of s a t i s f a c t o r y   r e c o r d i n g s  of   each  type 
o f   a i r c r a f t   n o i s e   a t   t h e i r   h i g h e r   l e v e l s  were o b t a i n e d   t o   p e r m i t   t h e   a f t e r -  
t h e - f a c t   d e t e r m i n a t i o n   o f   a t t e n u a t i o n   p r o p e r t i e s   o f   t h e  two tes t  houses  
w i t h   r e s p e c t   t o   e a c h  tes t  room. The d e t a i l e d  resu l t s  o f   t h e   a n a l y s i s  of 
n o i s e   a t t e n u a t i o n  by the   house  s t r u c t u r e s  i s  g i v e n   i n  a s e p a r a t e   r e p o r t .  3 

R e s u l t s  of  Paired-Comparison  Judgment  Tests 
" - 
O u t d o o r   L i s t e n e r s  

Table  V I 1 1  g i v e s   t h e   d i f f e r e n c e s   f o r   e a c h   u n i t   o f   m e a s u r e m e n t   b e t w e e n  
t h e   n o i s e   f r o m   t h e   r e f e r e n c e   a i r c r a f t  (CV-880) and t h a t   f r o m   t h e   c o m p a r i s o n  
a i r c r a f t  when t h e  two n o i s e s  were deduced t o   b e   e q u a l l y   u n a c c e p t a b l e   t o  
t h e   l i s t e n e r s   o u t d o o r s .   T a b l e  I X  g i v e s   s i m i l a r   i n - F o r m a t i o n  when t h e   r e f -  
e r e n c e   a i r c r a f t  was t h e  L - l 0 4 9 G ,   a n d ,   o n   t h e   b o t t o m   o f   t h e   t a b l e ,   f o r   a l l  
p a i r s  o f   j udgmen t s   r ega rd le s s   o f   wh ich   r e fe rence   a i r c ra f t   was   i nvo lved .  
A l s o  g iven   on   Tab le s  V I 1 1  and I X  a r e   t h e   a v e r a g e   d i f f e r e n c e ,   t h e   a v e r a g e  
d e v i a t i o n   ( t h e   a v e r a g e s   o f   t h e   d i f f e r e n c e s   w i t h o u t   r e g a r d   t o   w h e t h e r  a 

27 



T a b l e  VI11 

DIFFERENCES IN UNIT VALUES  (COMPARISON  AIRCRAFT  MINUS  REFERENCE AIRCRAFT) 
WERE 50% OF  THE LISTENERS PREFER THE COMPARISON AIRCRAFT AND 50% PREFER  THE  REFERENCE  AIRCRAFT 

O u t d o o r   L i s t e n e r s   O u t d o o r   P h y s i c a l   M e a s u r e m e n t s  

C o m p a r i s o n   A i r c r a f t 1   R e f e r e n c e   A i r c r a f t  (880) I 
I 

I I Max 

Type 1 'Owe' I ( f e e t )  I EPR I PNdB I A l t i t u d e   T a k e o f f  Avg Peak dB(A 

1400 

1400  106.0 

104% METO 1400 2.1 1 0 8 . 5  c 6 . 0  

- 

-3.0 -3.01 +3.5 

-2.5 -2.0 +1.5 
- 3 . 5  - 3 . 0  -2.0 
-5.0 - 4 . 5  t1.0 

- 3 . 5  -3.1 + 1 . 0  

2 .0  
5.5 & - 

-1.31 -0.21 
-0.4 

2 . 2  2.4 1.9 

7.01 9.01 6.5 

2.9 
16.0/! 17.51 11.5 

I B ( D Z >  

Max 

- 
-1.5 

-2.5 
0.5 

-3.5 

0.5 
-3.0 
- 
-1.6 
1.9 
4.0 - 
3.5 
1.5 

-1.5 

1.5 - 
1 .3  
2 .0  
5.0 - 

-0.5 
2.0 
7.0 
- 

5.0 

8.0 

3.5 
0.7 

11.5 
2 . 7  

- 

- 

- 

IB(D3 

Max 

- 
-2.5 
-1.5 
-2 .5  
-5 .5  

0 
-5.0 
- 
-2.8 

2.8 
5.5 - 

+l. 5 
-1.0 
-2.0 
-0.5 

R e f e r e n c e   A i r c r a f t :  880 a t   T a k e o f f   P o w e r  

Phons PNdB PNdBtl PNdBtM PNdB 
Max I Max 1 Max I Max 1 Ma:p 

Phons PNdB PNdBtl PNdBtM PNdB 

-1 .51 -2.01.51 -2.01 

0 

-1.0  -1.5 - 0 . 5  +1.0 +2.0 
+2.0 +2.5 +2.5 t1.0 +1.5 

-3.0 - 2 . 0  +0.5 0 -1.0 
+1.0 +l.O +1.0 +l.O +2.0 
-1.5 -2.0 -1.5 -2.0 + 0 . 5  

-0.8 0 . 6  +0.1 -0.2 +0.8 
1.8 1.8 1.3 1 . 2  1.2 
5.0 4 . 5  4 . 0  3.0 3 . 0  

+3.0 + 3 . 5  +8.0 +8.0 +5.5 
+1.5 +2.5 +4 .5  + 4 . 5  +2 .0  
-2.5 -1.0 -1.0 -1.5 -2.5 

0 +1.5 +6.5 t7.0 +4 .0  

- 

dB(D2) 

Peak  

- 
-1.0 
1.0 

-1.5 
-2.5 

1.5 
-2.0 
- 

-0 .8  

4 . 0  
1.6 

- 
3.5 
1.0 

-2.0 
2 .0  -q 1.81 2.11 5 . 0 1  5.31 3 . 5  1 ::: +0.5 +1.61 +4.5 +4.5 t 2 . 3  

3.5 5.5 4.5, 9.0 9.5 8.0 5.5 

"L Phons PNdB PNdB-M 

t1.0 +1.0 0 
4.0 t2.5 c1.0 
-1.0 -1.0 -2.0 
-1.5 -0.5 -2.5 
+1.5 +2.0 +1.0 
-1.0 -1.0 -1.5 

+0.2 +0.5 -0.6 
1.3 1.3 1.3 
3.5 3.5 3.5 - 
+3.0 t3.0 +3.5 
+1.0 +2.0 f2.5 

-2.5 -1.5 -1.5 
+0.5 +2.0 t2.0 

C 1 . 6  

1.8 2.1 1 .6  
5.5 4 . 5  5.0 

-" 
+0.5, t1.4 

1.5  

"- 

2.8 2.8 
11.5 1 11.0 12.0 

Max 

'NdBt M 

+3.5 
0.0 

-1.5 
-2.0 

+2.0 
0.0 

+0.3 
1.5 
5.5 

+5.5 
t2.0 

+4.5 
-2.5 

c1.6 

2 . 4  
8.0 

to. 8 
1.8 
8.0 

+5.5 1 
x i  3.1 

+8.0 

1 0 . 0  1 



T a b l e  VI11 (concluded) 

" 

! + 0 . 5  - 1 . 5  c0.5 1 -1.5 -0.5 -2 .5  
1 - 0 . 5  ' -0.5 c 1 . 5  + 1 . 5  0 .5  0 .5  
' - 1 . 5  ' 0 -1.0 + 0 . 5  -1.0 ' 0 . 5 -  

j - 4 . 0 '  - 5 . 0  - 1 . 5  - 2 . 5  ' - 2 . 5  - 3 . 5  

0 I -1.5 +1.0 - 0 . 5  0 .5  -1 .0  

-3 .0  ; -1 .5  - 1 . 5  0 - 2 . 5  - 1 . 0  

!"1.7---- I -1 .4  -0.2 ' -0.4 ' -0.9 I -1 .2  

- 2 . 5  - 4 . 5  + l . O  + 1 . 5  
-1.5 - 1 . 5  1 2 . 0  +2.0 
- 2 . 0  - 0 . 5  - 1 . 0  - 0 . 5  
- 5 . 0  -6.0 -0.5 0 

0 - 1 . 5  +1.0. + 1 . 0  

1 - 4 . 5  -3.0 - 2 . 0   - 0 . 5  

1 - 2 . 6  - 2 . 8  
"" 

, 1 . 6  I, 1.7 1 . 2  ' 1.1 1.3 1 .5   2 .6  2 .8  I+:::' 0.9 
+0.6 

I C _  

4 . 5  

-5 .5  
-6.5 

, - 3 . 0  
' -5 .5  

5.0 

3 . 0  i 4.0 , 3 . 0  ~ 4 . 0  

-7.0 - 1 . 5  , - 3 . 0  -0.5 i -2 .0 
-8.0 - 3 . 0  ' - 4 . 5  - 3 . 5  - 5 . 0  
- 4 . 0  -2 .5  I - 3 . 5  - 3 . 0  -4.0 

-7 

- 5 . 5   - 1 . 5  ~ -1 .5   -2 .0  I -2.0 

t 2 . 0  + 1 . 5  + 1 . 5  : t 1 . 5  
+ 1 . 0  ' -0.5 ' tl.O - 1 . 0  

- 1 . 0  i - 0 . 5  

- 1 . 5  ; -1.0 
- 0 . 5  +1.0 ./ - 0 . 5  I' + 1 . 0  

+1.0 0 ' t 1 . 5  '. - 1 . 5  

+ 1 . 5  

-1.5 0 -2.0 -0.5 
~ 2 . 0  I + 0 . 5  + 0 . 5  + 0 . 5  
+ 1 . 5  +2.0 + 1 . 5  

+ 1 . 0  

-0.5 ~ +1.0 

-0.5 
c 1 . 0  t 2 . 5   + 0 . 5  0.0 

+0.3  . t 0 . 3  , 0 

5 . 0 ,  5 . 5  i 4 . 0   2 . 5 ,  1.0 2.01, 3 . 5  

1 .0  ~ 0.6 ~ 1 . 3  

- 5 . 5  -7.0 -2 .0   -1 .0   -2 .5  -1.0 - 2 . 5  
- 4 . 5   - 5 . 5   2 . 5   - 2 . 0   - 3 . 0  - 2 . 5   - 3 . 5  

" 

- 5 . 0  -6 .5  "--- -1.5 t 1 . 5   + 3 . 5  ' +2.0  

- 4 . 5   - 4 . 5  l:1.01 + 3 . 0   + 3 . 0   1 3 . 5   t 3 . 5  

- 0 . 3  
1.1 
3 . 0  - 

+ O .  5  
- 2 . 0  
- 3 . 0  
- 0 . 5  

fO.8 
1.3 
2.0 

c1.0 
+ 2 . 5  

- 1 . 5  
- 3 . 5  -9:; ~ 

+ x  
4 . 0  3.0 

-1.0 c1.0 +o. 5 
-3.5 - 4 . 5  - 3 . 0  
- 4 . 0  - 4 . 5  -3.0 
- 0 . 5  + 1 . 5  +1.0 

+2.0 

+ 0 . 5   + 0 . 5  
+ l . O  - 0 . 5  +0.5 -0.5 
+ 1 . 5  + 1 . 5  +2.0 

+ 0 . 5  +0.5 
0 0 0 + 0 . 5  

-1.5 + 1 . 5  + 0 . 5  +0.5 

+0.3  +0.8 + 0 . 5  +1.4 
0.9 0.8 0 .7  1 . 4  
3 . 5  2.0 2.0 3 . 0  

-1.0 0 +2.5 +1.0 
- 3 . 0  -1.5 - 2 . 0  - 4 . 0  
- 2 . 0  -1.5 - 2 . 5  - 3 . 5  
- 2 . 5  1 2 . 0  +2.0 0 

- 

-2.1 -0.3 0 -1.6 
2 . 1  1.3 2 . 3  2 . 1  
2.0 3 . 5  5 .0  5 . 0  

-0.7 t o . 4  + 0 . 3  +0.2 
1 . 4  1.0 1 . 3  1.7 
5.0 3 . 5  5 . 0  7 . 5  

+ 4 . 5  

- + 4 . 0  

2 . 6  +o. 9 
2 . 1  
8 . 5  



Table IX 

DIFPERENCES  IN  UNIT  VALUES  (COMPARISON  AIRCRAFT  MINUS  REFERENCE  AIRCRAFT) 
WHERE 50% OF THE LISTENERS  PREFER THE COhlPARISON  AIRCRAFT A N D  50% PREFER  THE  REFERENCE  AIRCRAFT 

W 
0 

Outdoor  Listeners  Outdoor  Physical Measurements 

CV7A Crulse  3000 hETO 104.5 -5 .5  - 3 . 0  -1.0 -3.5 -4.0 -4.0 

2048 Cruise  1300 KETO 106.5 -8.5 -7.5  -2.5  -7.5  -7.5 -6 .0  

A l l   a i r c r a f t  [Avg. ' - 6 . 1  -8.5 -8.1 -5.3 -4.6 - 3 . 0  
S tand .dev   2 .0   3 .8  5 . 5  2 .7   2 .5   2 .1  

4 . 5   4 . 5  3.0 3 .0  

Reference A l r c r s f t :  1049G a t  hETO Power 

'Ilons PNdB PNdBtl  PNdBtl  PNdDtZ dD(DZ)  Phons PNdD  PNdB-M  PNdDt P 

B(D2) dB(D2)o  dB(D3) dD(Dg)o PNdB PNdDtl PNdBt10 PNdBtMPNdBtlMo PNdBtZ PNdB-M  PNdBt hl PNdB-Mo  PNdBL &lo PNdB PNdBtl PNd M PNdDrZ 
E8 E8 E 8  E8 E8 E8 E8 E8 E8 E8 E8  E8 E8 E 8  EEs EE8 EEg E E 8  

2  2 "tl 

-4 .5  -4.5 -6 .5  -6 .5  -8 .5  -7.0 -7 .0 -4 .0  -4.0 -7.5 , -5 .5 - 4 . 5  -5.5 -4 .5  -8.5 -7 .5  - 4 . 0  -7.0 
-5.5 -5.0 -3.0 - 2 . 5  -6 .5 - 7 . 5  - 7 . 0  - 6 . 5  -6 .0 - 7 . 5  -5 .5 -6.5 -5 .0  - 6 . 0  - 8 . 5  -8 .5  -7.5 -9.0 

-3.5 -3.5 - 2 . 0  -2.0 -6.5 -6 .5 -6 .5  - 5 . 5  -5 .5  - 7 . 5  -5.5 -6 .5  -5.5 -6 .5  -9 .0  -8.0 -7 .5  -8.5 

-4 .0  - 4 . 0  - 2 . 5  -2 .5  -5.0 - 1 . 5  - 1 . 5  -1.0 -1 .0  -3.0 -4.5 -2 .5  -4.5 -2.5 - G . 5  - 2 . 5  - 2 . 0  -4.0 

-4.4 -4.3  -3.5  -3.4 -6.6 -5.6 - 5 . 5  -4.3  -4.1  -6.4  -5.3 -5.0 -5.1 -4.9 -8.1 -6.6 -5.3 - 7 . 1  
-4.4  4.3  3.5  3.4 6.6 5.6 5.5 4 . 3   4 . 1  6.4 5 . 3  5 . 0  5.1 1 . 9  8 . i  6.6 5.3 I 2.0  1.5 4 . 5  4 . 5  3.5 6 . 0   5 . 5   5 . 5   5 . 0  4 . 5   1 . 0   4 . 0  1 .0  4 . 0   2 . 5  6 .0  5.5 

-1.5 0 -1 .5  0 -0.5 -2 .5  -1.0 -2.0 -0.5 - 2 . 0  0.0 - 1 . 5  +1.5 -1.0 -1.5 -3.0 -1 .5  

-4.0 0.5 - 3 . 5  + l . O  -3 .5   -4 .0  10.5 -3 .5  + l . O  -4.0 -3.0  -3.5 +1.5 f 1 . 0  -4 .0   -4 .5  -3 .5   -5 .0  

-3.8 -2.8 -3.2 -2.1 -5 .1  - 4 . 8  -3.8 - 3 . 8  -2 .7  -5.3 -4.0  -4.2 -2.9 -3 .3  -6.3 - 5 . 7  - 4 . 3  -5.8 
1.4 2 .3  1.8 2 . 6  2 . 8   2 . 5  3.4 2 . 1  2 .9  2 .5  2.2  1 .8  3 . 4  2 .9  3 .0  2 .7  2 .6  

-3.8 2 .9  3 .2  2.4 5.11 4 .8  3 .9  3.8 3 . 0  -5.3 - 4 . 0  -4.2 3 . 9  3.6 6.3 5 . 7  4 . 3  
4 . 0  5.5 5.0 7 . 5  8.01 6.0 7 . 5  5 . 5  7 . 0  5 . 5  5.5 5 . 0  7 . 0  7 . 5  7 . 5  6 .0  8.0 8.0 

2.4  2.3  3.1  3.4 13.0 2.8  2.3 2 . 5  2.2 3.0 2 . 7   2 . 5   2 . 3   2 . 3   3 . 4 '   4 . 2  

9.0 1 5.5 I 7.5  1 : 1 4 . 0 1  1 3 . 0  1 1 11.5  I 9.5 1 12.0 1 1 0 . 5 ~  1 7 . 0  I 114 .5 :   14 .0  1 1 l z  I 



d i f f e r e n c e  was p o s i t i v e  or  n e g a t i v e )   a n d   a l s o ,   f o r   t h e   a v e r a g e s   t a k e n  
o v e r   a l l   a i r c r a f t  and o p e r a t i o n a l   c o n d i t i o n s ,   t h e   s t a n d a r d   d e v i a t i o n  
o f   t h e   d i f f e r e n c e s .  

A g i v e n   d i f f e r e n c e   c a n   b e   d i r e c t l y   i n t e r p r e t e d   t o  mean t h a t   t h e  
s o u n d   p r e s s u r e   l e v e l   i n  dB be tween  the   g iven   re ference   and   compar ison  
noise  must  be  changed  by  an  amount  equal t o  t h e   g i v e n   d i f f e r e n c e ,  
a s s u m i n g   n o   s p e c t r a l   c h a n g e s   a r e   i m p o s e d ,   i n   o r d e r   t h a t   t h e   p h y s i c a l  
measurements  would agree p e r f e c t l y   w i t h   t h e   s u b j e c t i v e   j u d g m e n t s .   F o r  
any  one  case a d i f f e r e n c e   c a n   b e   d u e  t o  (1 )  a f u n d a m e n t a l   d i f f e r e n c e  
i n   t h e   r e l a t i v e   v a l u e   a s c r i b e d   t o   t h e   s p e c t r a l - t e m p o r a l   c h a r a c t e r i s t i c s  
of   noise   by a uni t   of   physical   measurement   and  by  the human l i s t e n e r ,  
and (2) e x p e r i m e n t a l  error ,  e i t h e r   i n   t h e   p h y s i c a l   m e a s u r e m e n t s  and 
t r e a t m e n t   o f   t h o s e   d a t a ,   a n d / o r   i n   s u b j e c t   u n r e l i a b i l i t y .  

More i m p o r t a n t   t h a n   t h e   a v e r a g e   d i f f e r e n c e s   a r e   p e r h a p s   t h e   a v e r a g e  
d e v i a t i o n   a n d   s t a n d a r d   d e v i a t i o n   v a l u e s .  I t  i s ,  of c o u r s e ,   p o s s i b l e   f o r  
t h e   a v e r a g e   d i f f e r e n c e   t a k e n   o v e r  a w i d e  v a r i e t y  of n o i s e s   t o  be n e a r  
zero  and y e t  have a r e l a t i v e l y   l a r g e   a v e r a g e  and s t a n d a r d   d e v i a t i o n   i f  
some o f   t h e   d i f f e r e n c e s   a r e   p o s i t i v e  and some n e g a t i v e   w i t h   r e s p e c t   t o  
a g i v e n   r e f e r e n c e   n o i s e .  The u n c e r t a i n t y   i n   p r e d i c t i n g   t h e   s u b j e c t i v e  
judgments  by  means  of a g iven   un i t   o f   measurement  i s  a f u n c t i o n ,   t h e n ,  
o f   b o t h   t h e   a v e r a g e   d i f f e r e n c e   a n d  i t s  a v e r a g e   o r   s t a n d a r d   d e v i a t i o n .  

R e l a t i v e   A c c u r a c y   o f   t h e   U n i t s  

B e c a u s e   o f   t h e   h i g h   c o r r e l a t i o n s   b e t w e e n   t h e   p h y s i c a l   u n i t s  them- 
s e l v e s - - t h e y   a r e ,   a f t e r   a l l ,   a l l   b a s e d   o n   a t   l e a s t  some o f   t h e  same  band 
s p e c t r a l   m e a s u r e s - a n d   t h e   r e l a t i v e l y   s m a l l   d i f f e r e n c e s   b e t w e e n  some of 
t h e   a v e r a g e   d i f f e r e n c e s  a n d   s t a n d a r d   d e v i a t i o n s ,  i t  i s  something  of a 
problem t o   c h o o s e  a meaningful  way t o  select those   un i t s   wh ich   migh t   be  
c o n s i d e r e d   s i g n i f i c a n t l y   t h e   b e t t e r   p r e d i c t o r s  of t h e   s u b j e c t i v e   j u d g -  
m e n t s .   B e c a u s e   o f   t h i s   c o r r e l a t i o n   f a c t o r ,   t h e   s t a n d a r d   e r r o r   o f  a d i f -  
f e r ence   be tween   t he   ave rage   accu racy   o f   each   o f   two   un i t s   o f   measu remen t  
t e n d s  t o  be  made s m a l l ,   w h e r e a s   t h e   s m a l l  number  of a i r c r a f t   n o i s e s  ( 1 2  i n  
Tab le  V I 1 1  and 6 i n   T a b l e  I X )  t e n d s   t o  make t h e   s t a n d a r d   e r r o r  a r e l a t i v e l y  
i n s e n s i t i v e   m e a s u r e ,   p a r t i c u l a r l y   f o r   u n i t s   s u c h   a s  dB(C) t h a t   h a v e   r e l a -  
t i v e l y   l a r g e   s t a n d a r d   d e v i a t i o n s .  The   s tandard  error and i t s  companion 
"t" s t a t i s t i c   f o r   t h e   a b o v e   r e a s o n s   g a v e  resul ts  when a p p l i e d   t o   t h e   a v e r -  
a g e s   f o r   t h e   p r e s e n t   d a t a   t h a t  were d i f f i c u l t   t o   i n t e r p r e t .  

A l i t e r a t u r e   s e a r c h  was made f o r  a procedure .whereby   one   could   eva lu-  
a t e   t h e   s t a t i s t i c a l   s i g n i f i c a n c e   o f   d i f f e r e n c e s   b e t w e e n   t h e   v a r i a b i l i t y  
( s t a n d a r d   d e v i a t i o n s )   i n   c o n t r a s t  t o  t h e   a v e r a g e   a c c u r a c y   o f   t h e   v a r i o u s  
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u n i t s   o f   m e a s u r e m e n t .   B e c a u s e   t h e   v a r i o u s   u n i t s  are not   independent  of 
e a c h   o t h e r ,   t h e   s t a n d a r d   s o - c a l l e d  f test i s  n o t   a p p r o p r i a t e .  Young and 
Peterson'  employed, f o r  compar ing   s t anda rd   dev ia t ions  of d a t a  similar t o  
t h a t  a t  hand, a s t a t i s t i c  c a l l e d  M which i s  somewhat l i k e   t h e  t t e s t ;  
however, t h i s  s ta t i s t ic ,  as  a l l  o t h e r s  w e  were a b l e   t o   f i n d ,  i s  no t  
a p p r o p r i a t e   f o r   c o m p a r i n g   t h e s e   s t a n d a r d   d e v i a t i o n   d a t a   b e c a u s e   o f   t h e i r  
i n t e rdependence .  

R a t h e r   t h a n   a t t e m p t   t o  u s e  s t a t i s t i c a l  tests o f   s i g n i f i c a n c e   o f   t h e  
a v e r a g e   a c c u r a c y   a n d   v a r i a b i l i t y   i n   a c c u r a c y   o f   t h e   d i f f e r e n t   u n i t s   o f  
measurement, w e  w i l l  u s e  t h e   f o l l o w i n g   a r g u m e n t   a n d   p r o c e d u r e   f o r   t h i s  
purpose.   Let u s  p re sume   t ha t  a pe r son   has   t aken   phys i ca l   measu res   o f  
a n y   a i r c r a f t   n o i s e   c h o s e n   a t  random  from  those tested i n   t h i s   s t u d y  and 
t h a t   t h e s e   m e a s u r e s   a r e ,   i n   t u r n ,   c o n v e r t e d  (or are made d i r e c t l y )   i n t o  
one   o f   the  38 u n i t s   g i v e n   i n   T a b l e s  VI11 and I X .  One o b v i o u s   q u e s t i o n  
t o  be asked i s  w h i c h   u n i t  w i l l  b e   i n   c l o s e s t   a g r e e m e n t  and how o f t e n ,  
a s   t h e   n o i s e s   f r o m   d i f f e r e n t   a i r c r a f t   a r e   e v a l u a t e d   w i t h   r e s p e c t  t o  t h e  
j u d g e d   p e r c e i v e d   n o i s i n e s s   o f   t h e   a i r c r a f t   s o u n d s .  

To answer t h i s   q u e s t i o n  w e  h a v e   t a b u l a t e d   i n   T a b l e  X t h e   p e r c e n t a g e  
of time t h e   v a l u e   o f   e a c h   o f   t h e  38 units   of   measurement   would be w i t h i n  
+2 and +4 dB" u n i t s   o f   t h e  j u d g e d  p e r c e i v e d   n o i s e   l e v e l   f o r   a n y   a i r c r a f t  
n o i s e s   c h o s e n  a t  random  from  those tested.  T h i s   p e r c e n t a g e  i s  the   normal  
p r o b a b i l i t y   t o  be expec ted   based   on   the  number or p o r t i o n   o f   s t a n d a r d  de-  
v i a t i o n s   o f  a g i v e n   u n i t  t o  be   found   be tween   t he   ave rage   d i f f e rence   t yp i -  
c a l  f o r   t h a t   u n i t  and t h e   c r i t e r i o n   o f  +2 o r  +4 un i t s   f rom  exac t   ag reemen t  
wi th   sub jec t ive   j udgmen t s .   The   gene ra l   concep t  i s  i l l u s t r a t e d   i n   F i g u r e  7. 

11 

- - 

- - 

Columns 3 and 4 of   Table  X c a n   b e   i n t e r p r e t e d   a s   s h o w i n g   t h e   p e r c e n t -  
age of times a g i v e n   u n i t  w i l l  h a v e   a n   " a c c u r a c y "   i n   p r e d i c t i n g  j u d g e d  per- 
c e i v e d   n o i s i n e s s   o f  +2 or  +4 u n i t s   o f   m e a s u r e m e n t   ( o t h e r   d i f f e r e n c e  cri- 
t e r i a  c o u l d  of course b e   u t i l i z e d ) .   F o r   e x a m p l e ,  Max dB(A), Max Phons, 
and Max  PNdB a r e   w i t h i n  +4 dB o f   t he   j udged   va lue   abou t   t he  same pe rcen t -  

- - 

- 
age time (57  t o  60%) as  EPNdB M i s  w i t h i n   a b o u t  +2 (52%,  +2.5 g i v e s  

t o  
1 

- - 

63%). A s  w i t h  a l l  s ta t is t ics ,  t h e   p r a c t i c a l   s i g n i f i c a n c e   o f   t h e   d i f f e r -  
e n c e s   i n   t h e  summary p e r c e n t a g e   f i g u r e s ,  as well a s  t h e   s t a n d a r d   d e v i a t i o n  
v a l u e s  i s  a matter o f   j udgmen t   and   t he   c i r cums tances   i n   wh ich   no i se   eva lu -  
a t i o n s   a r e   t o  be made; however,  an  improvement  of b u t  +0 .5  i n  "dB u n i t s "  
would r e p r e s e n t  a d i f f e r e n c e   o f   a b o u t  20% i n   a c o u s t i c a l  power  and  from a 
p r a c t i c a l   p o i n t   o f   v i e w   w o u l d   p r o b a b l y   b e   s i g n i f i c a n t .  

- 
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AATIC  DIAGRAM SHOWING STATISTICAL  METHOD 
USED FOR EVALUATING  ACCURACY  OF  UNITS  OF 
MEASUREMENT FOR ESTIMATING  JUDGED  PERCEIVED 
NOISINESS. Zero (0) on  the scale is true subjective rating 
given by listeners; a -1 indicates that  the physical measure- 
ment (PNdB, dB(D), Phon,  etc.)  underestimates the judged 
noisiness by a 1 "dB" unit, a +1 indicates  an  overestimation, 
etc. The curve is an example of  the expected accuracy of  a 
unit of  measurement (EPNdB,M) that has  been found by test 
to have  given average difference from judged  noisiness and a 
given  standard deviation o f  those differences. 
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Table  X 

AVERAGE  DIFFERENCES AND STANDARD  DEVIATIONS OF PHYSICAL  NOISE  MEASUREMENTS 
OF REFERENCE AND A L L  COMPARISON  AIRCRAFT NOISES WHEN  JUDGED  EQUALLY  NOISY 

Judgments  and  physical  measurements made o u t d o o r s .   T h i r t y - f i v e   l i s t e n e r s ,  
18 c o m p a r i s o n   a i r c r a f t  (see Tables  V I 1 1  and 1x1. Also  shown a r e   p e r c e n t -  
age of times the  var ious  uni ts   of   noise   measurement   would  agree  with +2 
and ?4 u n i t s  of judged   equal   perce ived   no is iness .  

OR UNACCEPTABLE 

Col.  1 C o l .  2 Col. 3 Col.  4 C O l .  5 

% Times % Times  Average 
Rank Between  Between of Pe rcen tages  

( see  Col. 5) Measure -2 and +2  -4 and +4 ( C o l .  3 and 4)  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1  

22 

EPNdBt Mo 
1 

EdB  (D2) 

EPNdB-M 

EPNdB Y 
t 2  O 

EdB (D2) 

EPNdBt M 

EPNdB-Mo 

EPNdBt M 

EPNdB 

1 

2 

lo 
EEPNdBt M 

Max  dB(D3) 

EPNd B 

1 

1 
Peak dB(D2) 

EdB(Dl)o 

EdB (Dl) 

EPNdB 

EPNdBt 

Max dB(D2) 

EEPNdBt 

EEPNdBt 

EdB (D3) 

Max  PNdBt M 

2 

1 

2 

2 

52 

46 

4 8  

48 

47 

47 

49 

46 

45 

45 

42 

4 1  

40 

40 

39 

38 

38  

37 

37 

36 

30 

34 

84 

83 

80 

80 

81  

79 

77 

78 

78 

77 

74 

7 1  

7 1  

7 1  

70 

69 

68 

67 

67 

64 

69 

63 

68 

64.5 

64 

64 

64 

63 

63 

62 

61.5 

61 

58 

56 

55.5 

55.5 

54.5 

53.5 

53 

52 

52 

50 

49.5 

48.5 

C o l .  6 

Average 
Di f f e rence  

-0.8 

-2.1 

-1.3 

-1.3 

-1.9 

-0.6 

-1.6 

-0.9 

-1.1 

-0.9 

-1.4 

-0.8 

-0.9 

-2.2 

-1.9 

-1.6 

-1.2 

-1.1 

-1.1 

-1.3 

-3.0 

0 .1 

Col. 7 

Standard 
Devia t ion  

2 . 7  

2.0 

2.8 

2.8 

2.3 

3 . 1  

2.5 

3.1 

3 . 1  

3.2 

3.3 

3.7 

3.7 

2.9 

3.3 

3.6 

3 . 8  

4 . 0  

4 . 0  

4.2 

2.0 

4 .5  
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Table  X (concluded) 

COl. 1 COl. 2 Col. 3 

% Times 
Rank Between 

(see Col.   5)  Measure -2 and  +2 

23 Max  dB(D1) 33 

24 EFPNdB 33 

25 Max  PNdB-M 32 

26 Max  PNdBt 33 
2 

27 

28  

29 

30 

31 

32 

33 

34 

Peak PNdB 

Max dB(A) 

Peak  Phons 

EdB(D3l0 

Max  PNdB 

Max Phons 

EdB (A) 

Max  PNdBt M 
1 

32 

31 

32 

28 

31 

31 

29 

29 

COl. 4 

% Times 
Between 

-4 and +4 

61 

6 1  

60  

59 

60  

60 

58 

6 1  

58 

57 

57 

54 

Col.  5 Col.  6 

Average 
of Percentages  Average 
(Col. 3 and  4) D i f f e rence  

47 -1.1 

47 -1.9 

46  -1.4 

46   0 .1  

46 

45.5 

45 

44.5 

44 .5  

44 

43  

41.5 

-0.3 

-2.8 

-0.7 

-3.3 

-0.7 

-1.0 

-3.4 

0.4 

35 EdB(AIo 25 54 39.5  -3.7 

36 Max  PNdBt 27   51   39   0 .3  
1 

37 Max dB(B) 24 46 35 

38 Max  dB (C) 2 1   4 1  31 

-2.4 

-1.4 

Col. 7 

Standard 
Devia t ion  

4.6 

4.2 

4 .5  

4 . 8  

4.8 

3.7 

4 .9  

2.4 

5 .0  

5.0 

3.1 

5.4 

2 .8  

5.8 

6 . 3  

7 .3  
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Summary Eva lua t ion  of t h e   E f f i c a c y   o f   t h e   V a r i o u s   U n i t s  

Table  X I  a t t e m p t s   t o   b r i n g   t o g e t h e r  some of t h e   d a t a   i n   T a b l e  X i n  
a way t h a t  makes it p o s s i b l e  t o  a n s w e r ,   w i t h i n   t h e   c o n t e x t   o f   t h e   p r e s e n t  
e x p e r i m e n t ,   q u e s t i o n s   c o n c e r n i n g   c e r t a i n   b a s i c   c o n c e p t s  and measurement 
t e c h n i q u e s   t h a t   m i g h t   b e   f o l l o w e d   i n   t h e   m e a s u r e m e n t  of n o i s e .  From 
Table  X I  i t  w o u l d   a p p e a r   t h a t   t h e   f o l l o w i n g   s t a t e m e n t s   a r e   j u s t i f i e d :  

1. There i s  no s i g n i f i c a n t   d i f f e r e n c e   b e t w e e n   P e a k   o r  Max Phon  and 
Peak o r  Max PNdB; Peak u n i t s  may p o s s i b l y   b e   s l i g h t l y   b e t t e r   t h a n  
Max u n i t s .  

2. PNdB-Ms m o d i f i e d   t o   t a k e   i n t o   a c c o u n t   c r i t i c a l   b a n d w i d t h   o f  the 
e a r   a t  low f r e q u e n c i e s   a r e   s i g n i f i c a n t l y  be t te r  on   t he   ave rage  
than   t he   unmodi f i ed  PNdBs. 

3. M o d i f y i n g   a l s o   t h e   o v e r a l l   f r e q u e n c y   w e i g h t i n g   ( t h e   4 0 - n o y   c o n -  
t o u r )   t o   t a k e   i n t o   a c c o u n t   t h e   c r i t i c a l   b a n d w i d t h  of t h e   e a r   a t  
low f r e q u e n c i e s   p r o v i d e s  a f r equency   we igh t ing   t ha t  i s  s i g n i f i -  
c a n t l y   b e t t e r   t h a n  D D o r  A. 

1’ 3’ 

4 .  U t i l i z i n g   d u r a t i o n a l   i n f o r m a t i o n   ( b e t w e e n   t h e   1 0  PNL downpoints) 
by   Es t ima ted   E f fec t ive  (EE) u n i t s   s i g n i f i c a n t l y   i m p r o v e s   t h e  
p r e d i c t i v e   a c c u r a c y   o f  Max PNdBs and E f f e c t i v e  (E)  u n i t s   a r e  
a p p r e c i a b l y  be t te r  t h a n  EE u n i t s .  

5. The a p p l i c a t i o n   o f   e i t h e r  t o r  t t o n e   c o r r e c t i o n s   g a v e   i n c o n -  
s i s t e n t  r e su l t s  w i t h   t h e r e   k e i n g  no s ign i f i can t   improvemen t   ove r  
non- tone -co r rec t ed   un i t s   on   t he   ave rage .  

2 

6. The a p p l i c a t i o n   o f   t h e   s o - c a l l e d   o n s e t   d u r a t i o n   c o r r e c t i o n   p r o -  
v i d e d   n o   c o n s i s t e n t   e f f e c t ,   w i t h   t h e r e   b e i n g  no  improvement  over 
n o n - o n s e t   d u r a t i o n   c o r r e c t e d   u n i t s   o n   t h e   a v e r a g e .  

T h e r e   a r e   p r o b a b l y   p r e s e n t   i n   b o t h   t h e   p h y s i c a l  and  judgment d a t a  
e r r o r s   t h a t   . c o u l d   h a v e   c o n t r i b u t e d  some presumably  small   degree of spu- 
r i o u s   a c c u r a c y  or i n a c c u r a c y   t o   s p e c i f i c   u n i t s   o f   m e a s u r e m e n t   i n   t h e i r  
p r e d i c t i o n   o f   t h e   j u d g m e n t   d a t a ,   p a r t i c u l a r l y   w i t h   r e s p e c t   t o   a n y   i n -  
d i v i d u a l   p a i r  of j u d g e d   a i r c r a f t   n o i s e .   A l s o ,  i t  i s  t o   b e   r e c o g n i z e d  
t h a t   i n   s p i t e  of t h e  number o f   t y p e s   o f   a i r c r a f t   n o i s e s   i n v o l v e d ,   t h e  
p re sen t   expe r imen t   p rov ided  a s e t  of n o i s e s   t h a t   w e r e  s t i l l  f a i r l y  homog- 
e n o u s   w i t h   r e s p e c t   t o   d u r a t i o n   a n d   s p e c t r a l   c o m p l e x i t y .  Some l a r g e r  
d i f f e r e n c e s   i n   t h e   a b i l i t y  o f   t h e   v a r i o u s   u n i t s   t o   p r e d i c t   j u d g e d  per- 
c e i v e d   n o i s i n e s s   c o u l d  well be found had t h e r e   b e e n   p r e s e n t   n o i s e s   t h a t  
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Tab le  X I  

SHOWING REUTION BETWEEN  RESULTS  WITH  PHONS ( S t e v e n s )  AND PNdB AND  AVERAGE EFFECT  OF  VARIOUS  MODIFICATIONS 
AND CORRECTIONS  TO  PNdB AND  OVERALL  FREQUENCY  WEIGHTINGS 

A l l  score v a l u e s   a r e   p e r c e n t a g e   o f  time a g i v e n   u n i t  of m e a s u r e m e n t   w o u l d ,   f o r   t h e  18 a i r c r a f t   n o i s e s   t e s t e d ,  
f a l l   w i t h i n  +4 u n i t s  of j u d g e d   e q u a l   p e r c e i v e d   n o i s i n e s s .  35 l i s t e n e r s   o u t d o o r s .   D a t a   t a k e n   f r o m   T a b l e  X. 

Max Phons  57% 

Peak  Phons 58 
Aver.  58 

Max  PNdB 58 

Peak PNdB 

Aver .   59 

Un i t s   Ca lcu la t ed   f rom  1 /3 -Oc tave  Band S p e c t r a  
1 

Max  PNdB 581 Max  PNdBt  519 
1 

2 
Max  PNdBt 59 

Max  PNdB-M 60 Max  PNdBt M 54 

Max  PNdBt M 6 3  
1 

2 

T- 
EPNdB 69% EPNdBt  71' 

1 
EPNdBt 68 

2 

EPNdB-M 80 EPNdBt M 7 9  
1 

EPNdBt M 7 8  
2 

L 
U n i t s   C a l c u l a t e d   f r o m   O v e r a l l   F r e q u e n c y   W e i g h t i n g s  

dB (Dl 

Max dB(D1) 6 1  

EdB (Dl) 7 0  

EdB(Dl)o - 7 1  

Aver .   67 

,I 

dB ( D g )  

hlax dB(D3)  74 

EdB  (Dg 1 6 9  

EdB(D3)o - 61 

Aver.   68 

I I .  

Average   E f fec t  of F requencv   Modi f i ca t ion  

Max dB(A) 60  

EdB (A) 57  

EdB(A)o 54 

Aver.   57 
- i 
J 

~ 

EPNdBo (69)*% EPNdBt 78% EEPNdB 61% EEPNdBt 67% . 

EPNdBt 1 (78)* 
2 2 

EEPNdBt 1 64 

EPNdB-Mo 77  EPNdBt Mo 84 EEPNdB-M (70) * EEPNdBt M 77 

EPNdB M 80 
1 

2 

1 

t 2  O 
EEPNdBt M (74)*' 

* E s t i m a t e d ,   n o t   c a l c u l a t e d  

Average   Ei fec t   o f   Summat ion   over   Frequency   Range   (Freq .   Weight ing   p lus  
S t e v e n s '  Band  Summation  vs.   Freq.  Weighting  plus  Sound  Energy SUmmatiOn) 

- 
A l l  PNdBs and PNdB-Ms 
e x c e p t  for t o n e - c o r r e c t e d   u n i t s  68 

A l l  PNdBts and PNdBtMs 7 1  

A l l  dB(D1)s  and  dB(D2)s 72 

Aver.  Improvement dB(D1)s and  dB(D2)s 

v s .  PNdBs and  PNdB-Ms 
v s .  PNdB s and PNdB Ms 

4% p t s  
1% p t s  t 

A v e r a g e   E f f e c t   o f   D u r a t i o n  . .  
f o r   C r i t i c a l   B a n d w i d t h   o f   t h e   E a r  (M, D 2 )  I (Max v s .   E f f e c t i v e  (E) a n d   E s t i m a t e d   E f f e c t i v e  (EE) 

i A l l  PNdBs 66 A l l  dB(D,)  67 A l l  Max PIidBs and PNdB-Ms 58 A l l  Max  dB(D1) and  dB(D2) 6 4  \ 
A l l  PNdB-Ms 7 3  A l l  dB(Di) 77  A l l  EEPNdBs and PNdB-Ms 69 

Aver.  Improvement 7% P t s  Aver.  Improvement 1%pts A l l  EPNdBs and PNdB-hk 76 

- A l l  EdB(D1) and dB(D2) 76 
' 

- i  - 
Aver.  Improvement 12% Pts 

Aver.  Improvement Re/ Max:  EE11% p t s :   E 1 8 %   P t S  

A v e r a g e   E f f e c t   o f   O n s e t   D u r a t i o n   C o r r e c t i o n  ( 0 )  Average   Ef fec t  of T o n e   C o r r e c t i o n s  

A l l  EPNdBs and  PNdB-Ms EdB(D1) and dB(D2) 

A l l  EPNdBs and PNdB-Ms EdB(D1) and dB(D2) 
A l l  PNdBt, - t o n e - c o r r e c t e d  70 no Onset correction 76 
A l l  PNdBs - n o   t o n e   c o r r e c t i o n s  68 

Aver.   Improvement,  3% p t s  

Aver .   Improvement ,  2% P t  
Aver.  Improvement 4% pts   Aver .   Improvement  1% p t s  

A l l  PNdBt - t one -co r rec t ed  7 1  

1 

n o   o n s e t   c o r r e c t i o n  74 

w i t h   o n s e t   c o r r e c t i o n   w i t h   o n s e t  correction 77 - 
2 
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d i f f e r e d  more from e a c h   o t h e r .   I n   p a r t i c u l a r ,  the real  need   fo r   and  
v a l i d i t y ,  i f  any, of t h e   s o - c a l l e d   . o n s e t   d u r a t i o n   a n d   p o s s i b l y   t o n e  
c o r r e c t i o n s  were not a d e q u a t e l y   e x p l o r e d   i n   t h e s e  tests. A d d i t i o n a l  
tes ts  are p robab ly   r equ i r ed   unde r  more p r e c i s e l y   c o n t r o l l e d   c o n d i t i o n s  
and w i t h  more d i v e r s e  noises t o   p r o p e r l y   e v a l u a t e   t h e   a d v a n t a g e s  of 
p u r e - t o n e   a n d   o n s e t   d u r a t i o n   c o r r e c t i o n s .  

Indoor  Paired  Comparison  Versus  Outdoor  Measurements 

T y p i c a l   a i r c r a f t   n o i s e s  are measured  outdoors   even  though a con- 
s i d e r a b l e   p o r t i o n   o f   t h e   o b j e c t i o n s  t o  t h e   n o i s e   i n  rea l  l i f e  i s  from 
p e o p l e   h e a r i n g   t h e   n o i s e  when i n d o o r s .  Because o f   d i f f e r e n t i a l   a t t e n u a -  
t i o n  a s  a f u n c t i o n   o f   f r e q u e n c y   o f   d i f f e r e n t   p a r t s   o f   h o u s e   s t r u c t u r e s ,  
somewhat d i f f e r e n t   n o i s e   s p e c t r a  were p r e s e n t   i n   t h e   d i f f e r e n t  rooms 
where s u b j e c t s  were l o c a t e d .   T h e r e f o r e ,  i t  would be u n l i k e l y   t h a t   g o o d  
predic t ions   o f   indoor   judgments   f rom  outdoor   no ise   measurements   would  be 
achieved.  However, as  s e e n   i n   T a b l e s  X I 1  t h r o u g h  XV and  summarized i n  
Tab le  X V I ,  t h e   a v e r a g e   d e v i a t i o n s   b e t w e e n   r e l a t i v e   i n d o o r   j u d g m e n t s   a n d  
r e l a t i v e   u n i t s   o b t a i n e d   f r o m   o u t d o o r   p h y s i c a l   m e a s u r e m e n t s  are s u r p r i s -  
i ng ly   sma l l .   I nasmuch   a s  some o f   t h e   r e l a t i o n s  shown i n   T a b l e s  X I 1  t h r o u g h  
X V I  a r e   p r e s u m a b l y   t o  some unknown d e g r e e   f o r t u i t o u s   b e c a u s e   o f   u n e q u a l  
h o u s e   a t t e n u a t i o n s ,   i n   o u r   o p i n i o n  i t  i s  n o t   p o s s i b l e   t o   d r a w   w i t h   c o n -  
f i d e n c e   a n y   s p e c i f i c   c o n c l u s i o n s   f r o m   t h e s e  da ta .  Also f o r   t h e s e   r e a s o n s ,  
t h e   r e l a t i o n s   b e t w e e n  a l l  o f   t h e  38 m e a s u r e m e n t   u n i t s   c a l c u l a t e d   f o r  t h e  
o u t d o o r   s p e c t r a  were not   de te rmined .  

I n   g e n e r a l ,  i t  can   be  s u r m i s e d  t h a t :  

1. The r e l a t i v e   p e r c e i v e d   n o i s i n e s s   b e t w e e n   t h e   r e f e r e n c e   a n d  com- 
p a r i s o n   a i r c r a f t   n o i s e s   a s   h e a r d   i n d o o r s  i s  p r e d i c t e d   w i t h   r e a -  
sonab le   accu racy   by   nea r ly  a l l  of   the   ou tdoor   measurements .  

2. PNdB, Phons,  and D f o r   o u t d o o r   n o i s e   o n   t h e   a v e r a g e   b e t t e r   p r e -  
d i c t   i n d o o r   t h a n   o u t d o o r   j u d g m e n t s   b e c a u s e   t h e s e   u n i t s   t e n d  t o  
o v e r e s t i m a t e   t h e   c o n t r i b u t i o n   t o   j u d g e d   p e r c e i v e d   n o i s i n e s s   o f  
low frequency  energy  (below  about  355 Hz) r e l a t i v e   t o   h i g h   f r e -  
quency  energy when measured i n   t h i r d  or oc tave   bands .  The less 
a t t e n u a t i o n  by  the   house  s t ruc tures  of these  lower  compared t o  
t h e   h i g h e r   f r e q u e n c i e s   t e n d s   t o   c o m p e n s a t e   f o r   t h i s   o v e r e s t i m a -  
t i o n  made b y  t h e s e   p a r t i c u l a r   u n i t s   o n   t h e   b a s i s   o f   t h e   o u t d o o r  
s p e c t r a .  
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Table,XV 

DIFFERENCES IN UNIT  VALUES  (COMPARISON  AIRCRAFT MINUS REFERENCE  AIRCRAFT) 

WHERE 504 OF THE LISTENERS  PREFER  THE  COMPARISON  AIRCRAFT AND 50% PREFER  THE  REFERENCE  AIRCRAFT 

4 

I n d o o r   L i s t e n e r s  K-13 Outdoor  Physicel  Measurements 

ompar i son   A i rc rn f t lRe fe rence   A i rc ra f t   (1049G)I  I I 1, I I 

880 Lending I 1300 MET0 105.0  - 2 . 0  -6.0 - 7 . 5  - 4 . 0  +1 .5 '   +0 .5  
727  Lending 1000 METO 110.5  + l . O  - 4 . 5  -6.0 +3.0 c10.5 +6.0 
720  Landing 1000 METU 109.5  0 - 5 . 0  - 7 . 0  - 1 . 5  + 5 . 0 ,   + 3 . 5  
C141  Landing 1000 YETU 111.0  -0.5 - 7 . 5  -10.0 +2.0  +9.0 +5.0 
J e t s t a r  Landing 1800 YETO 107.0  - 2 . 5  -6.0 - 7 . 0  -2 .0  +1 .0   -0 .5  

Jet vs. Avg. 
-0.8 -5 .8   -7 .5   -0 .5   +5 .41   +2 .9  

lo4'' i Range 3 . 5   3 . 0   4 . 0   7 . 0   9 . 5 !   6 . 5  
Avg. d e v .   1 . 2   5 . 8   7 . 5   2 . 5   5 . 4   3 . 1  

CV7A Cruise   3000 ETU 1 0 4 . 5   I n s u f f i c i e n t   d a t a  

R e f e r e n c e   A i r c r a f t :  1049G a t  METO Power 

I I I I 

2048  Cruise  1300 YETU 106.5 -8.0 - 7 . 0   - 2 . 0   - 7 . 0   - 4 . 0   - 5 . 5   , - 5 . 5  -6.0 -6 .0  -6.0 -6.0 -3 .5   -3 .5   -4 .0  

A l l  a l r c r a f t  - 2 . 0  -6.0 -6.6 -1 .6   +3 .8   +1 .5   -1 .9  -1.6 -2.0 - 1 . 4  - 1 . 4  +3.4  -2.1  -1.8 
Avg.  de". 2 . 3  6.0 6.6 3.3 5.2  3 .5   3 .1   3 .3   4 .5   4 .4   3 .6   4 .6   2 .8   2 .9  vs.  104%  Prop. 

N  s 6  Range 9 .0   3 .0  8.0 10.0 1 4 . 5   1 1 . 5  8.0 9 . 5   1 1 . 5   1 2 . 0   9 . 5   1 2 . 5  6.0 6 . 5  - 
d e v .   3 . 3  3 . 8  3.9 3.0 4 .9  4.1 2 . 6  2 . 6  3 . 6  3 .7  2 .7  4.5 2 .1  2 .3  

- 3 . 2  -3.0 - 2 . 5  -1.8 -1.9 -2.4 - 1 . 6  -1 .4  -0.6 - 0 . 5  -0 .3  -1.1 -1.2 -0 .9  

11.0 12.5 1 3 . 5  11.0 2 2 . 5  1 7 . 5  1 0 . 5  11 .0  1 5 . 0  1 5 . 5  11.0 1 9 . 5  8.0 8.0 

Compar i son   A i rc ra f t   Re fe rence   A i rc ra f t  (1049G) E8 E8 E8 E8 

PNdB$ PNdBtlOc PNdBtl 
PNdB 

dB(D3)o  dB(D2)dB(D2)o!dB(D3)  dB(Dl)o dB(D,) dB(A)o dB(A) 
E8 E8 E8 

Type 
PNdBtfPNdBrZ PNdBtl 

PNdB 
PNdBt2 P N d B i O  Avg. Pesk Takeof f   A l t i t ude  

Power 
( f e e t )  PNdB Power 

800 

- 0 . 5  - 1 . 0  -1 .0  0 - 0 . 5  +0.5  +1.0 -0 .5  -1 .0  + 0 . 5  0 109:5 L(ETU 1000 Landing 720 

- 1 . 0  - 1 . 0  0 - 2 . 0  - 2 . 0  +1 .0  I +1.0 -1.0 - 1 . 0 '   - 3 . 0  -3 .0   110.5 METO 1000 Landing 727 

-5 .0   -3 .5  - 4 . 0  - 3 . 5   - 3 . 5   - 2 . 5   - 2 . 5  - 3 . 0  -3 .0   -2 .5  +1.0 +1.0 c l . 5   + 1 . 5  - 2 . 5  -2.51 - 0 . 5  -0 .5   105 .0  L(ETU 1300 Landing 
0 0 - 1 . 0   - 1 . 5  

- 8 . 5  "1.5 -8.0 - 9 . 0   - 7 . 5   - 5 . 5   - 5 . 5  - 6 . 5  - 6 . 5  - 6 . 5  - 2 . 0   - 2 . 0  - 0 . 5  - 0 . 5  -5 .5  -5:5 - 4 . 5  - 4 . 5  107 .0  METO 1800 Landing J e t s t a r  

-1.5 -0 .5   -2 .0   -1 .5   -1 .5   +0 .5  0 
+ l . 5  . + 5 . 5  +3.5   -1 .0   +2 .0   +5 .5  c 5 . 5  +4.0 +4.0 0 4 . 5  4 . 5  + 3 . 5 1   + 3 . 5  4 . 5  4 . 5   - 2 . 5  -2 .5   111 .0  METO 1000 Landing C141 

- 2 . 0  -1.0 -2.0 

3 . 1  3 . 0   2 . 7   2 . 8   3 . 1   3 . 3   3 . 6  3.6 

A l l  a i r c r a f t  



Table XVI 

SUMMARY OF AVERAGE  DEVIATION  FOR THE VARIOUS  MEASTJREMENT  UNITS TAKEN OUTDOORS 
B E W E N  REFERENCE AND COMPARISON  AIRCRAFT  NOISES 

WHEN JUDGED  EQUALLY  UNACCEPTABLE BY SUBJECTS  INDOORS. (Averages  taken from Tables  XII, XIII, X I V ,  and IV) 

Reference 
A i r c r a f t  

1049G 

House 

€I-11 

H-11 

K - 1 3  

K-13 r Table 

X I 1  

XI11 

XIV 

xv 

I Aver. of Aver,   Deviat ions 

dB (AI 

4 .7  

2 . 3  

5 . 2  

1 . 9  

4 .0  

- 
Max 

JB(A: 

- 
3.3 

3.2 

3.8 

2.3 

3 . 3  

- 

r I 

E8 E E 
8 8 

dB(D1) dB(D31 dB(D2)o dB(D2)  dB(DlIo 

2.2 

1 . 5  1.8 1.3 2 .0  2.2 

5.7 5 .7   4 .8   3 .4   2 .5  

2 . 1   2 . 9  2 . 8  2.3 2 . 6  

5.2  5 .2   4 .4  3 . 2  

2 .4   2 .9  3 . 8   4 . 4  4 .2  

2 .3  

3.8 

2 .8  

3 .3  

2 .9  

I I I I I I 
I 

4.4 3.8 1 .7   2 .0   2 .8  3.1 2.2 

6 . 5  4 .8  3 . 4  3 . 8  4 .5  4 . 9  4 .2  

4 . 8  4 . 4  2 . 3  2 . 3  3.2 3 . 4  2.2 

5 .2  3.5 3.1 3.3 4 .5  4.4 3.6 

5 . 0   4 . 1   2 . 4   2 . 6   3 . 5  3.7 2.8 

I u 1 

E8 E8 

dB(D3)o PNdBt  PNdBt ~ 

PNdB 
1 1 

6.1 1.8 2 . 1  3 .0  

1.6 2 .9  3 . 5  3 . 0  

6.7 2.0 2 . 1  3 . 1  

E8 
PNdBt Iy 

1 

2.3  

3 . 8  

2 . 4  

2 . 8  

2.7 

I 

3.2 

3 .2   2 .6  

1.8 3 . 3  

3 .5  3 . 3  

1.8 

3.2 I 2.3  

Peak I Peak1Pe.t 1 
IB(D ) Phons PNdB 

2 

PNdB  PNdB  PNdBt 16 PNdB I t l l  1 I t z l  
2.0 

3.8 3 .5   3 .7   3 .2  

1.8 2 . 0  1.8 2 . 1  

3.8 4.0  3.7 2 . 8  

1 . 9  2 . 0  1.9 

- 
2.4 2 . 5  2 .6   2 .5  - 



R e s u l t s   o f   R a t i n g   S c a l e s  ~- 

A s  p r e v i o u s l y   m e n t i o n e d ,   t h e   s u b j e c t s   r a t e d   e a c h   n o i s e   a f t e r  i t s  
occurence   on  a r a t i n g  scale r a n g i n g   f r o m   v e r y   a c c e p t a b l e  (0) t o  v e r y  
u n a c c e p t a b l e  (100). These   da t a  are o f   i n t e r e s t   b e c a u s e   ( a )   t h e y   p r o -  
v i d e  a b a s i s   f o r   d i r e c t   c o m p a r i s o n  of t h e   j u d g e d   p e r c e i v e d   n o i s i n e s s  
o f   t h e   a i r c r a f t   n o i s e s  as  h e a r d   i n   d i f f e r e n t   e n v i r o n m e n t s ,  e .g. ,  d i f -  
f e r e n t  rooms  indoors ;   and   (b)   these   absolu te   judgments  made i n d o o r s  
a n d   o u t d o o r s   o f   t h e   u n a c c e p t a b i l i t y  of a n  a i r c r a f t  n o i s e   c a n   b e  com- 
pa red   w i th  somewhat s i m i l a r   r a t i n g s   o b t a i n e d   i n   o t h e r   s t u d i e s .  

Room D i f f e r e n c e s  

The p l o t s   g i v e n   i n   F i g u r e  8 r e p r e s e n t   a n   a t t e m p t   t o   d e t e r m i n e   t h e  
p o s s i b l e   e f f e c t   o f  room d i f f e r e n c e s  upon r a t e d   a c c e p t a b i l i t y   o f   a i r c r a f t  
n o i s e s  of d i f f e r e n t   s p e c t r a ;   t h e   n o i s e   o f   t h e  990 c a n   b e   c l a s s i f i e d   a s  
p redomina te ly   h igh - ,   t ha t   o f   t he  F-104 a s  mid-,  and t h a t   o f   t h e  CH-47 
a s   l ow- f requency   ( s ee   F igu re  6 ) .  I t  i s  s e e n   t h a t   f o r   a l l   t h e  rooms t h e  
l o w e r   t h e   f r e q u e n c y   c o n t e n t  of t h e   n o i s e   t h e  greater  i s  r a t ed   unaccep ta -  
b i l i t y  f o r  a g i v e n  EPNdB M v a l u e  as  measured   ou tdoors .   This  i s  a s  would  

t 
1 

be expected,   inasmuch as  house s t r u c t u r e s  t y p i c a l l y   a t t e n u a t e   t h e   h i g h e r  
f r e q u e n c i e s  more t h a n   t h e   l o w e r .   I n d e e d ,  i t  i s  p o s s i b l e   t h a t   v e r y   i n t e n s e  
f r equenc ie s   nea r   10 -30  Hz or so cou ld  cause n o n - l i n e a r   h o u s e   v i b r a t i o n s .  

One p o s s i b l e   e x p l a n a t i o n   f o r   t h e  room d i f f e r e n c e s  shown i n   F i g u r e  8 
c o u l d   b e   t h a t   t h e   d i f f e r e n t   g r o u p s   o f   s u b j e c t s   i n   t h e  test  rooms  respond 
d i f f e r e n t l y   t o   n o i s e s   o f   d i f f e r e n t   s p e c t r a .   I n   v i e w   o f   t h e   r e l a t i v e l y  
s m a l l   n u m b e r ,   f o u r   t o   s e v e n   s u b j e c t s   i n   a n y   o n e  room, s u c h   g r o u p   d i f f e r -  
e n c e s   a r e   v e r y   p o s s i b l e .   H o w e v e r ,   t h e   d i f f e r e n c e s   i n   s o u n d   a t t e n u a t i o n  
c h a r a c t e r i s t i c s   a f f o r d e d   t h e s e   d i f f e r e n t  rooms  by t h e   h o u s e s  i s  a l s o  a 
l i k e l y  and p a r t i a l   e x p l a n a t i o n .   U n f o r t u n a t e l y ,   t h e  small number  of  sub- 
j ec t s  i n  any  one room  and t h e   d e s i g n   o f   t h e   s t u d y   ( n o n - r o t a t i o n   o f   s u b -  
j ec t s  among rooms) make i t  i m p r a c t i c a l   t o   d e m o n s t r a t e   w i t h   a n y   v a l i d i t y  
t h e   e x a c t   e f f e c t s   o f  room d i f f e r e n c e s   i n  sound  a t tenuat ion   upon  the   sub-  
j e c t i v e  r a t i n g s .   F i g u r e  9 ,  taken   f rom a r e p o r t   b y  Young, I l l u s t r a t e s  
t h e   a v e r a g e   a t t e n u a t i o n  of a i r c r a f t   n o i s e   a f f o r d e d   b y   d i f f e r e n t  rooms  of 
t h e  two t e s t  houses .  

3 .  
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HOUSE H-I1 (WOOD  SIDItdG) 

ACTUAL DIFFERENCE  BETWEEN OUTDOOR AND  INDOOR PHYSICAL MEASURES 
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HOUSE K-13 (BRICK  VENEER) 

ACTUAL DIFFERENCE  BETWEEN OUTDOOR AND  INDOOR PHYSICAL MEASURES 

T T  - 3 3. 
T m' m m 

- *  cv 
MAX MAX MAX  MAX x m 

+ f: m+ m m' - *  - r 4  

? 2 MAX  MAX  MAX  MAX 
dB(A)  dB(C)  dB(D2) PNdB 2 a a dB(A)  dB(C)  dB(D2) PNdB 2 9 
23.2 20.8  22.4 22.6 22.4 23.9 23.8 23.4 21.8 19.5  21.1  21.0 20.8 21.0 21.1  20.7 

-0 2 
w W w L W  W W 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
0 

- DINING ROOM LlVl NG ROOM - - - 
- 0 O- - 

0 0 0  
0 0- 

0 o o o o o o o o  0 0 0 0 0  - o o o o  0 - 
- O  0 O o o  

- 
0 '0 0 0 0  - -0 0 - 
I ~ I I I I I I I I I I I I I I I I I I  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

50 

40 

30 

20 
m 
-0 

I 10 
Z 
0 
F O  

30 

20 

10 

0 

27.6 25.5 27.0  27.4  26.9 27.8 27.2  27.3 

1 " " " " " " " " ' " l  L BEDROOM -1 

1 0 0  0 ooooi 0 
0 

0 0  o o o o o o o  

to 
t O 0  

0 
0 0  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

1/3 OCTAVE BAND CENTER FREQUENCY - Hz 

FIGURE 9 SOUND ATTENUATION (level  outdoors  minus  level  indoors) CHARACTERISTICS OF FOUR ROOMS 
IN A WOOD-SIDED  HOUSE (H-11)  AND IN A BRICK-VENEER -HOUSE (K-13). Windows  and  doors 
closed.  Based on an  average  of four  aircraft  flyover noises?  Concluded 



I I  I I 111111 I1 I I . ... 

Outdoor   Versus   Indoor   Rat inas  

a 

F i g u r e  10 p r e s e n t s   t h e   a v e r a g e  r a t i n g s  g i v e n   b y   t h e   v a r i o u s  
n o i s e s  when a t  d i f f e r e n t   l e v e l s   o f   i n t e n s i t y ,   g i v e n   i n  EPNdB M. 

t 
1 

a i r c ra f t  
These 

f u n c t i o n s ,   e x t r a p o l a t e d  when n e c e s s a r y ,   p r o v i d e d   t h e  summary t a b u l a t i o n s .  
o f   Table  X V I I  where i t  i s  s e e n   t h a t   t h e   l i s t e n e r s   i n d o o r s   o n   t h e   a v e r a g e  
r a t e d   t h e   n o i s e s   f r o m   t h e  jet a i r c r a f t   a s  more a c c e p t a b l e ,  i . e . ,  would 
t o l e r a t e  more i n t e n s e   l e v e l s ,   t h a n   d i d   t h e   l i s t e n e r s   o u t d o o r s   b y   a n  amount 
e q u i v a l e n t   t o   a n   a v e r a g e   d i f f e r e n c e   i n   l e v e l   o f   a b o u t  3 dB. On t h e   o t h e r  
h a n d ,   t h e   n o i s e s   f r o m   t h e  L-1049G and CH-47, wh ich   a r e   p redomina te ly  low 
f r e q u e n c y ,   a r e  less a c c e p t a b l e   i n d o o r s   t h a n   o u t d o o r s   b y   a n  amount equiva-  
l e n t   t o  3 dB. These resul ts  a r e   o b v i o u s l y   i n   a g r e e m e n t   w i t h   t h e  6 t o  10 
dB lesser a t t e n u a t i o n  by the   houses   o f   low  f requency   compared   wi th   h igh  
frequency  sounds.  

- 

- 

Inasmuch as  a p p r e c i a b l e   a t t e n u a t i o n  (20  PNdB or so) of e v e n   t h e   n o i s e  
f r o m   t h e  CH-47 and L-1049G i s  imposed by the   house  s t r u c t u r e s ,  i t  mus t  be 
presumed t h a t   p e o p l e  when i n d o o r s   s u b j e c t i v e l y   r e q u i r e  or des i r e  less i n -  
t e n s e   n o i s e   f o r   e q u a l   a c c e p t a b i l i t y   t h a n  when ou tdoor s .   These   da t a  are 
c o n s i s t e n t   w i t h   d a t a   o b t a i n e d   o n   r a t i n g  scales i n   s i m i l a r   p r e v i o u s   s t u d i e s  
a s  shown i n   F i g u r e  11. I n   o r d e r   t o   p l a c e   t h e   p r e s e n t   d a t a   o n  a more com- 
p a r a b l e   b a s i s   w i t h   t h e   v a r i o u s   s t u d i e s ,  Max  PNdB r a t h e r   t h a n  E PNdB M 

8 t 

v a l u e s   a r e   p l o t t e d   o n   F i g u r e  11. Max  PNdB and E PNdB (or E P dB M) 
1 

8 8 t 
1 

a r e   u s u a l l y   n e a r l y   e q u a l   i n   m a g n i t u d e   f o r  j e t  a i r c r a f t  a t  a n   a l t i t u d e   o f  
about 2000 f e e t   f o l l o w i n g   t a k e o f f .  
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CONCLUSIONS 

-It i s  c o n c l u d e d   t h a t :  
" 

1. E f f e c t i v e '  PNL i n  EPNdB-M, w i t h  or w i t h o u t  tone or o n s e t  correc- 
t i o n s  (78% t o  84% points)  and EdB(D (89% p o i n t s )  were t h e  m0s.t 
a c c u r a t e  means  used fo r  e s t i m a t i n g  from physical   measurements  
t h e   j u d g e d   p e r c e i v e d   n o i s i n e s s  of a w i d e   v a r i e t y   o f  a i r c ra f t  
noises.  

2 

2. An i n t e g r a t i o n  of 0.5-sec i n t e r v a l s  of o v e r a l l  sound  pressure  
l e v e l   w e i g h t e d   i n   a c c o r d a n c e   w i t h  D may p r o v i d e   a s   a c c u r a t e  
or even  more a c c u r a t e  means of p r e d l c t l n g   j u d g e d   p e r c e i v e d  
n o i s i n e s s   t h a n  1/3 o c t a v e   b a n d   s p e c t r a   a d j u s t e d  for c r i t i c a l  
bandwidth of t h e   e a r  and summed i n   a c c o r d a n c e   w i t h   t h e  band 

2 .  

, procedure   u sed   fo r   Phons   (S tevens )   and  PNdB. 

3. O n s e t   d u r a t i o n   a n d   t o n e   c o r r e c t i o n s   ( t  or t ) d i d  no t   on   t he  
a v e r a g e   c o n t r i b u t e   s i g n i f i c a n t l y   t o   t h e   p r e d i c t i v e   a c c u r a c y  of 
t h e   v a r i o u s   p h y s i c a l   u n i t s   o f   m e a s u r e m e n t .  However, the   pos-  
s i b i l i t y   o f   e x p e r i m e n t a l  error and the   r e l a t ive   homogen ie ty   o f  
t h e   n o i s e s   i n v o l v e d   s u g g e s t s   t h a t   f u r t h e r  t es t s  des igned  t o  
e v a l u a t e  more s p e c i f i c a l l y   t h e   p o s s i b l e   c o n t r i b u t i o n   o f   t h e s e  
two f a c t o r s  t o  p e r c e i v e d   n o i s i n e s s   a r e   i n   o r d e r .  

1 2 

4. The n o i s e  of a je t  a i r c ra f t  a t  approx ima te ly  2,000 f e e t   a l t i t u d e  
fo l lowing   t akeof f ,   hea rd   ou tdoor s   on   t he   g round   and   hav ing  a PNL 
of about  102 E PNdB, E PNdB-M,  Max  PNdB,  Max  PNdB-M [or E d B ( D  ) 

or Max dB(D ) of   about  971 w i l l  b e   r a t e d   a s  midway between very 
accep tab le   and   "ve ry   unaccep tab le .  I t  

8 8 8 I? 2 
1 1  2 

5. To t h e   d e g r e e   t h a t   t h e  two tes t  h o u s e s   a r e   r e p r e s e n t a t i v e  of 
h o u s e   s t r u c t u r e s ,   l i s t e n e r s   i n d o o r s  w i l l  r a t e   h i g h   f r e q u e n c y  
j e t  a i r c r a f t   n o i s e s   a s   a n   a v e r a g e  of 3 dB or so more a c c e p t a b l e  
t h a n   l i s t e n e r s   o u t d o o r s ,   b u t   l i s t e n e r s   i n d o o r s  w i l l  r a t e  low 
f r e G u e n c y   a i r c r a f t   n o i s e s   a s  3 dB or so less a c c e p t a b l e   t h a n  
l i s t e n e r s   o u t d o o r s .  For a n   a v e r a g e   o v e r   a l l   t y p e s  of a i r c r a f t  
n o i s e  i t  w o u l d   t h u s   a p p e a r   t h a t   a b o u t   t h e  same r a t i n g   o f  un- 
a c c e p t a b i l i t y  w i l l  be g i v e n   t h e   n o i s e  by l i s t e n e r s   i n d o o r s  as  
by l i s t e n e r s   o u t d o o r s .  
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6. There w i l l  b e   l a r g e   d i f f e r e n c e s   i n  the  p e r c e i v e d   n o i s i n e s s   o f  
t h e   s o u n d   f r o m   a n   a i r c r a f t   o v e r f l i g h t  as judged by groups  of  
l i s t e n e r s   l o c a t e d   i n   d i f f e r e n t  rooms i n  a house .   These   d i f f e r -  
e n c e s   i n   s o u n d .   s p e c t r a  are t h e  r e s u l t  of d i f f e r e n t i a l   a t t e n u a t i o n  
o f   sound   a f fo rded   t o  t h e  d i f f e r e n t  rooms. 

7. Excep t   fo r   unde res t ima t ing  somewhat t h e  p e r c e i v e d   n o i s i n e s s   o f '  
low f r e q u e n c y   n o i s e   r e l a t i v e   t o   h i g h   f r e q u e n c y   n o i s e ,   p h y s i c a l  
measurements made outdoors   can   be  used  t o   a p p r o x i m a t e l y   p r e d i c t  
judgments made i n d o o r s  of the p e r c e i v e d   n o i s i n e s s  of. sounds  gen- 
e r a t e d   o u t d o o r s .  
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Appendix 

AIRCRAFT  NOISE  JUDGMENT  TESTS 

T h e - a i r c r a f t   n o i s e s   y o u  w i l l  h e a r  w i l l  b e  of t h e   i n t e n s i t y   t h a t   c a n  
or w i l l  no rma l ly   occu r  a t  o r  near   communi t ies  i n  t h e   v i c i n i t y  of a i r p o r t s .  

There  i s  n o t h i n g  secret o r  c l a s s i f i e d   a b o u t   t h e s e  tests. However, 
w e  a s k   t h a t  you d o   n o t   a t t e m p t  t o  g i v e   o p i n i o n s   a b o u t   t h e   r e s u l t s  of t h e  
tes ts  inasmuch a s   t h e  results w i l l  no t   be   ana lyzed   no r   unde r s tood   un t i l  
t h e   s t u d y  i s  completed  and a l l   d a t a   a r e   g i v e n   p r o p e r   c o n s i d e r a t i o n .   A l s o ,  
y o u   s h o u l d   n o t   d i s c u s s ,   i n   p a r t i c u l a r ,   y o u r   r e a c t i o n s   t o   t h e s e   s o u n d s   w i t h  
y o u r   f e l l o w   o b s e r v e r s   i n a s m u c h   a s  w e  want  your own o p i n i o n s ,   a n d  w e  expec t  
peop le  t o  d i f f e r   i n   t h e i r   j u d g m e n t s .   T h e r e   a r e  no r i g h t  or wrong  answers. 

These  t e s t s  a r e   b e i n g   c o n d u c t e d  by t h e   N a t i o n a l   A e r o n a u t i c s  and  Space 
A d m i n i s t r a t i o n   w i t h   t h e   h e l p   o f   S t a n f o r d   R e s e a r c h   I n s t i t u t e ;   t h e y   a r e   p a r t  
of t h e   p r o g r a m   o f   r e s e a r c h  on  t h e   e f f e c t s   o f   n o i s e   f r o m   a i r c r a f t  and  means 
o f   r e d u c i n g   t h i s   n o i s e .  Your c o n s c i e n t i o u s   p a r t i c i p a t i o n   i n   t h e   p r o g r a m  
i s  g r e a t l y   a p p r e c i a t e d .  Any r e q u e s t s  f o r  a d d i t i o n a l   i n f o r m a t i o n   s h o u l d  
b e   a d d r e s s e d   t o :   P u b l i c   I n f o r m a t i o n   O f f i c e r ,   N a t i o n a l   A e r o n a u t i c s   a n d  
S p a c e   A d m i n i s t r a t i o n ,   W a l l o p s   S t a t i o n ,   W a l l o p s   I s l a n d ,   V i r g i n i a  23337. 
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Circle A i f  first sound i s  more   acceptab le .  
Circle B i f  second  sound is more a c c e p t a b l e .  

INSTRUCTIONS: 

The  primary  purpose of t h e  tests be ing   conducted  i s  t o  
d e t e r m i n e , i f   p o s s i b l e ,  how p e o p l e   f e e l   a b o u t  t h e  re la-  
t i v e   a c c e p t a b i l i t y   o f   o n e   t y p e   o r   l e v e l  of a i r c r a f t  
n o i s e  when compared  with a second  type  or l e v e l   o f  a i r -  
c r a f t   n o i s e .  

You w i l l  hea r  a series o f   s o u n d s   f r o m   a i r c r a f t .   T h e  
sounds  w i l l  o c c u r   i n   " p a i r s "  and  your   task i s  t o   j u d g e  
which  sound i n  each   pa i r   you   t h ink   wou ld  be more a c c e p t -  
a b l e  t o  you i f  h e a r d   i n  or near   your  home d u r i n g   t h e   d a y  
and/or   evening  when you a r e   e n g a g e d   i n   t y p i c a l ,  awake 
a c t i v i t i e s .  

A f t e r  you   have   hea rd   each   pa i r   o f   sounds ,   p l ease   qu ick ly  
d e c i d e  wh ich   o f   t he  two you f e e l  would  be  more  accept- 
ab l e  t o  you. I f  you th ink   t he   s econd   sound  of a p a i r  
would be more a c c e p t a b l e ,  c i r c l e  B f o r   t h a t   p a r t i c u l a r  
p a i r .   I f  you t h i n k   t h e   f i r s t   s o u n d   i n ' t h e   p a i r  would 
be more   acceptab le  t o  you   t han   t he   s econd ,  c i r c l e  A .  

P l ease   concen t r a t e   on   t he   j udgmen t  a t  hand  and g i v e   a n  
answer  even  though  the t w o  sounds may seem approx ima te ly  
e q u a l   i n   a c c e p t a b i l i t y   t o   y o u .   I f  you f e e l   t h a t   t h e r e  i s  
a b s o l u t e l y  no r ea l  d i f f e r e n c e   i n  terms o f   a c c e p t a b i l i t y   o f  
t h e  two sounds ,   p l ease  c i r c l e  e i t h e r  A or B,  g i v i n g   t h e  
best  g u e s s  you can,   and  put  a q u e s t i o n  mark a f t e r   t h a t  
p a i r .  

The re  are n o   " r i g h t "   o r  wrong" answers ,   nor   do w e  
e x p e c t   p e o p l e  t o  agree w i t h   e a c h   o t h e r .  We a r e   i n -  
terested i n  how you f e e l   a b o u t   t h e   s o u n d s   a n d  how p e o p l e  
d i f f e r   i n   t h e i r   j u d g m e n t s   o f   t h e   a c c e p t a b i l i t y   o f   t h e s e  
a i r c r a f t   s o u n d s .  

An announcement w i l l  be made b e f o r e   e a c h   p a i r   o f   s o u n d s  
i s  t o  occur .   The  sounds  of  a p a i r  may be s e p a r a t e d   i n  
time by   s eve ra l   minu te s ;   u sua l ly ,   however ,   t hey  w i l l  
o c c u r   w i t h i n  a s i n g l e   m i n u t e .   D u r i n g   t h i s   p e r i o d ,  w e  
ask t h a t  you b e   q u i e t   a n d   a t t e n t i v e .   G i v e   u s   y o u r   b e s t  
judgement  and  imagine, i f  you w i l l ,  t h a t  you a re  l i s t e n i n g  
t o  these   sounds  i n  or near your own home. 

I t  

1. A 

2. A 

3.  A 

4. A 

5. A 

6 .  A 

7 .  A 

8. A 

9 .  A 

10.  A 

11. A 

12. A 

13. A 

14.  A 

15.  A 

16. A 

17.  A 

18. A 

19. A 

2 0 .  A 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 
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For   each  a i rc raf t  n o i s e   e n t e r  a number i n  

t h e   a p p r o p r i a t e   b l a n k   a c c o r d i n g  t o  t h e   f o l l o w -  

i n g   p r o c e d u r e :  

Imagine a n o i s e   f r o m   a n   a i r c r a f t   f l y i n g  

o v e r h e a d   t h a t  i s  weak enough t o  be   comple te ly  

a c c e p t a b l e  t o  you i f   h e a r d   i n  your home a t  any 

time o f   t he   day  or n i g h t ;   t h i s   n o i s e  would be 

a s s i g n e d   t h e  number "1 . I 1  N o w  imagine a n o i s e  

f r o m   a n   a i r c r a f t   f l y i n g   o v e r h e a d   t h a t  i s  so  

i n t e n s e  it would   be   cons idered   comple te ly  un- 

a c c e p t a b l e  t o  you i f   h e a r d   i n   y o u r  home a t  

any time o f   t h e   d a y   o r   n i g h t ;   t h i s   n o i s e  would 

b e   a s s i g n e d   t h e  number "100." 

For e a c h   a i r c r a f t   n o i s e   t h a t  i s  a p a r t   o f  

t h e  t es t ,  p l e a s e   a s s i g n  a number  between 1 and 

100 i n   t h e   a p p r o p r i a t e   b l a n k  t o  t h e   r i g h t   o f  

the  page.   For   example,  i f   t h e   n o i s e   o f   t h e  

A p a r t   o f   t h e   f i f t h   p a i r  seems t o  be  halfway 

be tween   be ing   accep tab le   and   unaccep tab le ,  

t h e n   t h e  number "50" m i g h t   b e   w r i t t e n   i n   t h e  

b l a n k   t o   t h e   r i g h t   o f  N o .  5 i n   t h e  A column. 

T r y   t o   a s s i g n  t o  e a c h   a i r c r a f t   n o i s e  a 

number t h a t   i n d i c a t e s  i t s  r e l a t i v e   a c c e p t -  

a b i l i t y  t o  you  on t h e  scale  1 to 100. I n  

o the r   words ,  estimate the   magn i tude   o f   an  
I 1  accep tab le -unaccep tab le   va lue"  for each  a i r -  

c r a f t  noise .  

P a i r  - 
1 

2 

9 

10 

11 

12 

13 

14 

15 

16 
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19 

20 
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NAME : 

IAST NAME 

FIRST ,NAME MIDDLE 
I N I T I A L  

S OC IAL SECUR ITY 
NUMBER : I l l l l l l l l l  - - 

MARITAL  STATUS ( C i r c l e  One): M S 

Marr ied  N o t  Marr ied 

SEX (C i rc l e   One) :  M F 

Male Female 

OCCUPATION : 

If Female   and   marr ied ,   husband ' s   occupat ion  

EDUCATION : (En te r  number of yea r s   comple t ed )  

TIME I N  AREA TO THE NEAREST YEAR (C i rc l e   One) :  

L 1 2 3 4 5 6 

Less t h a n  1 y r .  2 y r s .  3 y r s .  4 y r s .  5 y r s .  6 y r s .  
6 Months or more 

ADDRESS : 

62 NASA-Langley, 1970 - 2 CR-1635 


